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DELAYED MEMOR Y DE¥I€S 

TechnxcaX Field of tne Invention 

T^e present mventiior. rela'wCs to & '0^ddj.ca"l dexi'-^e 
and a m&thod for reshapxrig a cax^daac valve. 

Backgrou nd t the Inye ^^ 

Ac present the treatment of mitx-al annul as dxlata 
t^on and other mitrai insuf £xca.«^: o«? ocx>.<-:s.' . ^='^che^ 
repair or jaitra' valv*» i^p.acene-'^ts "^-ixdss req-aar" 

Qi:>Qx. heart satoery, tr^y t'-^-c^ v^^sc o'^ t-or=^i r.-"?ci-*oinrT"^n-;rv 
bv p^-ss, aortic crcsf - - .atrp-aiq and ::a$ dis-'ple ? «rr. g!L 
'\ -e^;=i'^ c;xo\r<R " o^-^errs? ">t ^-xr^-'f^y 

rv '^1 „c.~ :,,v<-^-- ~~ n. Lru" i k t 'is.y 5'-. - tec' 

Sucl a "c'^.ss V "vae v?* "or" p-^-'-p'-^sf'-c; ir 0 S 

' 1 n Hitial inssuf f ^cxency ^zlhc^t Ibo :«-_^.<i fi..> 
ca^a:^v.»pi. ro^vi y by-pass a d opening of th** ohe6»t =3^0 
hea-t Th*» -neti od u«^eg a dg'vice cois-^ris-jng an elongate 
bc'dy \=3vtn9 sucn dimensions as to be msertable i.ito the 
coronary sinus, which is a v^m chat substantxally 
encirc-.£,s the mtz^al orifice .^nd annulus and drains isloDd 
from the myocardivi'ii to the rxght: atrtum. The elorgate 
body has ti^o spaces, in a first of which the elDngata 
bod> haa aha^,>e that xs adaptable to the ahape of the 
ccronary sxnus, and to the second of wh^ch the elonqate 
body i&v ^^'^'cibl'=> fion f'a'-J tT*;*' ^r'i^■^ -i-sx-^t- 
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Accosrding to one method descrifefsd in U,S* Patent 
No. 6.210,432, a devics comprising aa elongate stent is 
used. The elongate stent includes hocks whicb are 
arranged to dxq into the walls of the coronary sinus, by 
S xneauQ of the surgeon retracting a cover sheet from the 
stenS: , .-n oi-der to fix the position of the stient la r.he 
coronal-;,' sinus, A stabilising dnstr'ument used tct. 
ke-,'p„r.9 '.he elongar-e srent in its l;xrsu etatie and th^n, 
after th"? j\.-oka ixave duq in:.::; th'e worns, i -lilecx.'-oi ng it to 

10 s-€.-.\--nd .-.u-ace aasuxixi^ reJucf-d r^^sdv.u-i c.f our\-*ture, 

Bo'~fjevex , th'i> poi^-cion lAxati-n or the ei.OTo^\'.re stent in 
fhe cv..* -it-i-: vy S:;^-,;5^ by n^^'sns? of the hookss might foe 
insuf f ior. ;^nt: , so Lh:.i: Che sudden release of the 
ccncraction of the elongate stent dislocates it. This 

is dislocation of the device might result in ui^satisfactory 
reduction of the circumference of the mitral annulus. 

According to an alternative method descrifeed in 
U.S. Satent Ho. 6>21Q>432 the device coTsprises three 
stent sect iOHS that are positioned iu the coronary sinus 

20 and connected by wires . The wires tnay foe manoeuvred from 
outside the vein system such that the distances between 
the adjac&nt ©tent sections are rediiced. Also with this 
method there is a risk of dislocation o£ the devicfe, 
since the surgeon might accidentally move insuf f ic: entiy 

ilS fixed stent sections out of their proper position while 
TRanipulating them from otatside the vein, system. 

Ail oiL-sjeci; or C:-e prec-enc an vent son is to provide asi 
30 xxhvrov'iid niedioal device and nu^tnod for reshaping a 
cardiac valve, as described above. 

A parciculosr ob-ject of the- invention i to prr-'i-rse 
!^scie secuie fixation of a ii^evice for reshaping a cardiac 
valve , 

is These and other objects are achieved by a device as 

defined in claiin 1, and by a method as defined in claim 
13, 



More particularly, a device according to the present 
invention for reshaping a. cardiac vslvs is elongate and 
has such ditr^ensicns as to be insertafcXe Into a cardiac 
vessel and has two states, in a first state of which the 
S device has a shape that is adaptable to the shape of the 
vessel, and to the second Estate of -which the device is 
traneferafole frosn said first star.<?- The .inventive device 
comprises cs fixing m^aorj tor rixir.c: lIh.. 'nx^^e ot 'che 
device v/i-Jiin the vs-ssel v;her. t'-e -.S^-v.ioe -s first 

10 positioned i.-.her.ein, -.^ shape -("l^-ing mo myctiber for 

transferring the device to r.;ie second state by reshaping 
It, and a de:::?.y niea;);? fc;: delaying said resh^ipixig until 
■-.}so fixing of r -i-nd^^: ci; t ;-;e device has b-.=aea reinforced, 
wherein s;ud delay means delays said reshaping by keeping 

15 said device ±n said first state until the delay means is 
resorbedi 

The delay sieans £:omprises a resorbable material , 
which is Buch material that when it is inserted into the 
body of an organissn, it will be resorbed by the body by 

20 means of enzymatic processes, by active absorption by the 
cells in the blood and tissue ceilB of the body, and /or 
by hydrolysis. Thus, a resorbable material will be 
decomposed and gradually vanish from the device by time, 
without leaving any Tnajor waste products ±n the body. 

2S When the device ia inserted into the vessei . e,g. 

the coronary sinus, said fixing means providcis icr a 
'■tesnporary" fix^s-ng or. the ends o;; the devi.ce within tVse 

e.g. by meai-ss of inherent fcrces of ita f-^ateriai a.rr3ng?.-.d 
30 to provide a change of shape ot rhe device, -snd r.hereby 
also a change of shape of the adjacen;.: cardiac valve, 
ilovvev-ar, said delay fsieaiis is arranged to delay thia 
change of shape by keeping che device in said fixst state 
until the delay means is enough resorbed by the 
3S surrounding body. ?Vfter .some period of time, whan there 
is .nothing left of the delay means to hold the device in 
the first state,, the fl.xing of the ends of the device 
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>i^5ve had tsne to toe rex-torced l> , ror :xreiance. fc^.e 
ends fh?* clev:ce } avxnj 9X0W i on to the voss^el 
The ^ me period is thus determined by how fast the 
xsis^ipv-iun of the delay raear.s pro weds?: 

Hence, tay delaying the chax^qe ot {.nape this v>*ay. Lho 
devite na> r><=» ai'o«/jd zo 'Hi.ll J)* C ^ the vessel wail 
bo > tv^i.«e o£ >e of the d^^^noe Ov.c*-a!» The 

- o -^1 t.>-' device hi^nce, ^he j.^r-c< { ^x.-eKtas-^" 

p .0- Tsuxe secure fixat^Lcr. of a devxc« lor reshaping 

ti.c:^v i.^ ! X. - ec f V t -rao j.Mni - 1 . ^ _u „£.ai^ I 
fvr ^-epino the device in said tixist auate of nh=ife 

...y.^ cj-eration, since tl*e <=!hapo *s p^e^^et-ved bv near*? 
of said delay means of the devxse. 

Prafeiably, aaxd delay jaeaiss cois'pyj.ses a resorbable 
sheath being arranged to enclose said shape -changins 
mettiber . -SnxB advantageous sxnce mch tlie shape of a 
ssheath the delay ^eu is Is both easy to nanufac -ure and 
easy to arrariae on the; shape -changing Taeaiber* 

In anothe - preferred cTabodamc-nt of che •^vent^ou, 
said tixtng means arraj.ged lo expand ag^tnst the waU 
of the vessel whe.< fix^jt- 1 1 x ■^^■<«: d t-h#=-^^in, ^h^ss 
Bx^ax%Bz.on ^ga.iYist t^e -^r "b<=- -('e-.r j c 

[ N s ^ f--- r t^w. „ „ t <-^l t * 

s^^uti-^ . \ - i "'^d -o -X '.t^ the 

t> dr> i-i i-\-foxce6 Hence, by taki sg advantage of 
the h^'jK a pjLv^fH ss3 1^ the ci&sae of th> vf*asel '^s.l.i, the 
J vcs^ oan b*- fixed etf tiotivelv'v This can iau 



t<-vxi_tated ty Jin vx* ~i T -a wt t le v<. * of i- 1 
vessel as m®ni:.;3.on.ea above . 

or ^t$c I c< yid =- by ncnw o-** v.^ ch 3<ss.o i xi,-"i 
5 e t the dev c*» reinto-^-c^d T'^'pse ""cok me^rs 

i i X to ^ <.\ ) ! <r ut 

< t f X 1 1 ^ h<=- 

10 5 e p f ^ i-^i > c -"^ <• i d i J 

^te"^ a se^l "Xi a* t*«t* le =?tent a h tnd ot the 

IS providing said reshaping of the device, A shape memory 
taaterial iv? a material that has different fortns. one 
at lower teiaperature^ aad another at higher temperatures » 
At the lo««x temperaturea , e.g. feelow 30*C, the material 
is elastic and may be int;£roduced into the body. At the 

20 higher tenperatsires , the materiail is still slastio but 
hecomes also su|>erela,stic and assumes its preferred 
original shape unless the transformation to this origins! 
shape is obstructed by e.xterrial stress to the trsaterial . 
The use of a shape meTRory material in the shape -changing 

25 fnetal>er is advantageous inter alia tec-.-^uc-'-i? th-srs c;^e can 
easily provide the device wir.h said de^ay ^.t-'srii; v,-r". le 
shape -chanqlnq merdjer, at a lower te;-»pcidtuxe ouu,$J,d& the- 
bc-'dy, 'nrr-t> ^aHily ECTsains in a shoipo corresponding to 
sa.-,d nou -prefers oc! siaue of shap'i? i:i,y„d';- the body, 

30 In one en\bod.5>rient of the invent .ion.- .~a1d shape -■ 

changing jTiertiber cosnprises a shape nisrfio^.-y -i^etiri. providin^j 
said reshaping of the* device. 

Pre.f.erably. said shape - changing merriber conpxises 
Nitinol . 

36 

In an alcernative etnbodimsnt of the invexition, said 
shape -changing member comprises a shape mes^ory polymer. 
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Prefersbly, said reshaping of said device comprises 
shortening of. said device. 

Ii> another preferred enibodiment, said device is used 
for l-r€-iat«v?nt of raitiral -iuinulus dJ latation. Since the 
5 dev-.ce cart r>e inserted into a bcdy vessel using catheter- 
guided uechruques, !:ho ..sj^, i device !;or treacmenc 
of fni"ra?!. annuius ci lar.,;;" c. : ?;dvan-:.-3 9 eous compared to 
operi-hearC surgery, Kh^cL tUe preserjt procedure ;!oi 
rc apairijig or ;,'.-pI iS-Cinq the iTslUral valve, 

Che c-.v;:or:3ry t: ; , rcle.B the 

raitral on rice and anrxulus. Therefore, a reshaping of 
fchis. vein also has a compressing effect on the s^itrai 

:XS Preferably, said r-esiiaping of said device is used 

for reducing the radius of curvatux-e of the coronary 
sinua> Hence, the radius of ctir\fature as w«Il as the 
circumference of th^ mitral annulus are also reduo^d^ 

According to the invention, a tnethod for reshaping a 

20 cardiao vaive, comprises the steps of inserting an 

elcn=<ate device into a cardiac vessel, fixing the ends of 
tne dcv,.oj v<?it:iiii ihe vessel, reinforcing said fixing of 
th<i. era J of ,-he device, reshaping the device, -and 
ds-lrtVM^g said teshap:.rsg by a delay irseans so that the step 
or le f "ina ^' x-i *->xinq is performed before the step 
c Is. ..'-„r mq rae device, 

^■^x s -^m-^ o I !i device c^f^pr i^e? provid.lng a 
jr^vVvt,. ot che endfi> ..nto the wall of the vessel, 
3 "i A.ccordx'^g to another preferred amfoodin^nt, a shape 

tie?nrry matrrual is li^ed in the device for said step of 
le shaping the device. 

Preferably, STtttnol is used in the de\^ice for said 
st.ap o:^ reshaping tne device, 

in pxefeT:-^^*^.'' etrbodiment, said step of reshaping 
the device coTt prises tne step of shortening the device. 



In another preferred siisbodirtisnt, the method is used 
for treatment of tnitrai armuius dilatation. 

In yet another preferred embodiment,- said device is 
inserted into the coronary sinus in the vicinity or the 
S posterior leaflet of the «itrai valve < 

Preferably, said reshaping is used for reducing the 
curvature or the ooronsry sinus and thereby reducing the 
^a'.^iu^^ of circuij-f erence of the mitral valve annulus. 

The rivefitior: will now be described in. more detail 
wi-:h reference to r,h<3 acco:npair/ing drawxngs, in which 

Fiqs 1 and 2 schecnat :.cal ly illustrate «n entfoodiment 
of a device according to the invention for reshaping a 
is oardiac valve^ shown in a first state and a second 
shortened state, respectively r 

Figs la arid 2a achematioally illustrate another 
embGdiment of a device according to the invention for 
reshaping a: cardiac valve, shown in a first state and a 
20 second shortened state, respectively; 

Fi0s 3, 4 and 5 are schematic vie»?s illustrating the 
posit ioninigi the fixing and the shortening respect ively* 
of a device according to Pig, l when used in the coronary 
sinus 

as Figs €-9 are schematic views of. a device 

illuscrating the principle of delayed ivhorteninq; 

Pigs 10 ■•1.5 are schematic viev/y of device. 
il lust raring tV^e pririciple of delay-itd elcxagAC ion ; 

Fig, 14 is a schotnat ic v^ev; shc;v,'ing an aiterriar. .^.ve 
30 to the device shown in Fig. .12; 

Pigs 1.5 and 16 schematically illustrate ariocher 
device, showii in « first state and a second shortened 
state , respect Ively; 

Figs 17 and 18 schematically illustrate another 
35 device, shown in a first state and a second elongated 
state re sjjec t ive ly ? 
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Pig. 19 is a schemacic view of yet another device, 
shown in a first state,- 

Fig. 20a is a schematic view of. another- device being 
an alternative to the device shown xn Fig. 19 and being 
5 ishown in a f irst stat-e; 

Fig, 20fo is a schematic view of a device acoordiiig 
to Fig. 20a, illustrating the structure of a part of the 
device; 

PiQ, 21 is a ssche-Tiav, !,c view illustrating tne second 
IC star.'-; ot & devicw according to Fig. i& or 205; 

Figs 22 and 23 arc scVietnatic vie-->vs5 i l'h.3ar.rating 
another device., shown ia a first scac-t* and a second 
state., respectively? 

Fig. 24 is a schematic perspective view of a device 
IS for two-di!Tiensional contract ion j 

Fig. as is a schetaatic perspective view of another 
device for two-dimensional contraction; 

Fig. 26 is a sicheir^tic pes-spective view illustrating 
a part of one possible arrangement of a device presenting 
2;S a :reshapable area; 

Figs 2? and 28 are scken^tic views illustrating the 
positioning of an emfoodiroent of a dwice for treatment of 
chronic obstructixre pulmonary' diseasse. 

^ ^ De t a i 1 sd Pes c :c i p t i on of P.re f e srr ed gsnbodin-e n t s 

Fig. 1 shows one ernboditnent of a device according to 
rhe present iiivencion for reshaping a cardiac valve ^ 
vshich T(\ay be used for treatment of i^itral annul us dilata- 
tion,, 

30 The device .shown m Fig, 1, foeirig in an elongate and 

non- activated state of shape K, conprises a shape- 
ch,iingir5g fsiember in the farm of a shape s^-esncry mei: a.: 
thread 20, a delay aieans in the form of a re.9orbabie 
sheath 21 enclosing the shape memory metal thread 20 for 

35 holding it in a straightened state of shape, and 

preferably self -expandable stents 22 and 23 located at 
the opposite ends of the device. 



Tie ct-vxc^ may ir^ciade one cr xr:>re aadi*-ional shape 
nwory metal threads, e.g. if a stror.avix sro{teni.rg force 
IS desxred. 

Tne enap*=»-chanqlng mcnifoer^ m tiiif embcaxnent chc 
5 form of rhe shape me^sory '«etal v-hxead 20, taay congest of 
Oi ^ncIxjJe e^X< ot -jone other sxTrii^r 

■> .r^ '1 i ' Jic^i hao msviv,' o-^ an oiiyiual shape as 

lU^.^vU i " } 'C! '^^ <. 'i^ De !,< 'OCE r ntc 

-r^ccfc^ cf f^-totr-im <.o0aJ.t, tnagnesium and ixou may alsc 

be nrefi;enfc in i^xtinoi. 

IS Si^u^e M mory Polymers* (SMP) could be u^ed as shape m&mrv 

materxai tsell. 

Actually j as far as the present m-v&ntxon eoncsras, 

■v^hc shape- changan9 material docs not have he a Br\ap® 

tnewory tpaterial. Any sapwrelastxc mate"-"al woula tunctiun 
20 iti mosft cases*. For fe.xa£rple at;a:::.nless 5«teel land ether 

metaisi inay alsso be forcea into non~pre£srred state of 

shape by sneana of a resorbable restraining t«ean«* 

The delay rnean^ is m whxs ecibodinei.t n fhe *r"-n of 

the ri*s->rbabl4, sheath 21 Thi^> resorban^e s^'<: a ,r 21 -s 
as rtade of i ffa<-.c>"=5^ ^'\ac'i resorbv^fole by i,h^ x 3v3K3ntg 

blood tis^'j-^ ed lii a humn bcdy and has- the 

b e L^a> ai^ at 1-=;--" i d . „^ CO 

I ^ < s ^ * >- ^ . ^ i ' '< t C - 

Psv^ d<x^v t c ac^d! , r-„U\ x| oxoio' o~ iC*"™ J> 
■x^r^aioh, difterent kxnds ot suaar, butyrxc acid, col la^jen, 
35 aBd coxiatamp. 

Depend :a3 on tre choice of Ttat 15-^' * .le release of 
?he abapf'-rharigtiit" ■'u<">»^ cZ zLt j5 =ii/e ^'a-qmg nenb^r 
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}T5ay be delayed for a desired period o£ time. Also design 
parataecers such as the thickness ot the r-esorfoafoie 
material imy be set so that the chtsnge of shape is 
delayed as long as desired. The delay tinie tnay vary from 
5 e.g. a few days up to several years depending on the 
application, 

Ttie uhsickness of the delay means is chosen so that 
the Cime nee.-.^ed for the a^irro-unding fo'iood ai^d tissi.5e in 
Che cc-rojiary f?5.n-us 24 '..o 7:-.;sorb th.e dslay ineans^ enough 
10 f.oi: t:he device to enter .Its second shorter state ci: shape 
IK' is adapted to Che ■■.irne rjeeded for the ends of the 

device, so uiiat the order In v/nich dif,f.erent parts of the 

15 device are released by the delay means may foe controlled. 
The delay sieans may foe flexible enough to follow the 
GU^-ves in e.g. a vessel, but has a stiffness, her« 
especially in its radial direction > which vithstanda the 
shape -changing force of the shagse-chsensilng member. Thtts, 

20 having been implanted into the human foody, the shape - 
changing merrsber of the device will strive towards its 
original, here curved, shape according to Fig, 2, but is 
res trained by the delay tneans. 

The self -expandable stents 22 «nd 23 may be of. 

2S conventional type wi-th an elastic cylindrical unic, ;nade 
of e-g, Hitlnol, ,in an opened siozag configuration. 

The £>el f: -expaadable stents 22 and 2'i may be provided 
^^'lt:]■i hook nieans (nor shovrn) , in ivhe term of protrusions 
extending frort; the outer suifdce of i:ho s~;ent::u 2 2 arid 23. 

3C Th'iise hook rneans are arranged to d.:0 -.^nro the wall of the 
coronary si^vus 24 when the sel r -ftxparidable sterits 22 and 
2;-; expand againer. the vr-j]],. and thereby tacilitate and 
enhcince che fixing of the self -expandable atents 22 and 
23 into the wall of the coronary sinus 24, 

3.? Fig. la shows an alternative e?nfoodiment according to 

the invention of a devi.ce for reshaping a cardiac valve. 
Here, the shape meftsory metal thread 20 is replaced by a 
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scissors -iShaped shape- changing mstnbex- 20a. The resorbable 
sheach 21 snay then be replaced fay resox'babXe threads 21a. 
Preferably, self -expandable stencs 22a. and 23a are 
located at T:he oppose -e ends of the device. Th« sstat® of 
5 shape corzes%:::r.ix:h} tc K' xn Fig, 2 of the devlc<? showJi 
in Fig. la im shown in Fig. 2a. 

''ihc Af>ov^ ~d^T-crihv>Ci devrtc?- m tig. I (or t;ie 

dev.icv as se^jn m Fig, Ifi) • po:;it ica^d xn che ccjoa.;ay 
^imu-: 24: 3h:\-jx-i F,.gs 3 to 5, in th<e iollowi':q v/jij' 

mat. en a. I may be ysea to get access to the veiious syste^Ti. 
His.vir,a rOv^chev;^ the venous systera, a long guid.mg n\et.3.;. 
wire (not shows) is ad^ranced through the introduction 
sheath and via the venous system to the coronary sinus 

1$ 24. This guiding mre and/or a delivery catheter is 

provided with X-ray distance sharkers so that the position 
of the device in the coronary sinus 24 may be moBitored. 

Th^ elongate device in Fig, I (or the oae in Fig. 
la) is locked onto a ©tent insex-tlor* device (not shown) 

20 so that the Belf>-e3«pandabie stents 22 and 23 {or 22a and 
23aS are held in a critapedj non-expanded stace. 
Thereafter, the stent insertion device with che elongate 
device locked thereon is pushed through Ti-be introduction 
shesth and the venous sysfcenj to the cox'onax-y sinus 24 

35 r::ding on the guiding wire. After having ob'cjtined an 

<i>Lact positioning of the- irlongats- device in r.h-? ccrc-nary 
.-jinuss ^4, a.? .1 1 1 u.«r rated In Fia, vher?; «~h-j' iPitrai vaive 
annnlusri 35 and the ;r>itrai valv;-> Z€ }uv;,ng -.i c-^nurai gap 
27 ara shown, tne stenc insertion device ri^xi-oved. Thi»' 

30 will release the self -expandable stents 22 and 23 (or 22» 
and S.5a) so that r,hey expand and contact the inner wall 
of the ccrcnarj- sinus 24 and thereby provide for a 
tep\por,^ry fixation of the elongate dsvlce in the coronary 
sinus 24. Then, the guiding wire and the introduction 

35 aheath are removed . 

After the insertion, the. self ■^expandable stents 22 
and 23 {or 22a and 23a) will grow inco the wall of the 
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coronary sinus 24 while at the same time the resorbable 
sheath 21 {or restraining chreads 2Xa) will be resorbed 
by the sarroundirig blood aad tissue in the coron<ij:y sinus 
24, as schss?atically illustrated in Fig. 4 , When the 
S resorbable sheath 21 (or resorbable threads 2i«} hu;i? been 
resorbed to such a degree that it csnnot hold the sh«pe 
[•lemory rrerrsl thread 20 {or the scissox\y - Bhapod nietr^fcai-r 
20a) in its straightened state of .shape any longer, rhe 
aelf:-exp-5ndabie Kt;eni;3 22 and 23 (or 22a and 23a; v/ill be 

10 properly fixe;^ intc tlie wall of. the co.ronsry sin-as 2A as 
a f-e-sult of •■..he norn^a.':. he.3.ling process Vv'h.ich always 
occurs after positioning a stent ii^ a blood vessel. Than 
the shape srsesnoxy metal thread 20 (or the scissor© -shaped 
metsxber 20a) retracts and tba device is transfozroed to its 

IS activated shorter state of shape K' , as illustrated in 
Figs 2 and S (correspoiiding to Fig. 2a) « This shortening 
of the device makes it bend towards t.he •raitral valve 
annulua 25 ^ tnoving the posterior part thereof forward. 
This movement reduces the cireumferenoe of the miferal 

20 valve annulus 25 and thereby closes the central gap 27, 
The device may be positioned by catheter technique 
or by any other adequate technique. It may be heparin- 
coaced so as to avoid throfsbosis in the car-onary sinus 
24, thus reducing the need for aspirl.n, ticlopedine or 

2S anticoagulant rhe.rapy. A.t least parts of the device fray 
contain or be ccverea «it:h drugs like Tecroliraus , 
RappasTiyciu or 'T-j;xi.£erol to be di.:l ivered .nto the ti-ssue 
to prohibit excessive reaction from sxjrroundiag tissue. 
At. iesst parts cf.' th>'.-: cev,.ce ;T5ay be covered witri or 

30 contain VEG? {Vascular Er...-.;othelial Growuh Factor) to 
ensure smooth coverage with endot.helial cells. 

5t is to be understood that modit ications of the 
above described devices and methods can be usade by people 
skilled in the art without departing from the spLrit and 

3:S scope of the invention, which is only limited by the 
appe.nded claisns. For in.'stance,, the activated state of 
shape K' could, be a bended shape instead of a shorter 
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shape, whereby the desired closure of the cexitrt^l gap 27 
st:iil may be achieved. 

The basic inventive idsa of the present invention, 
whicli solves the problem with insufficient fixi-og of the 
S implantable device before the >3hspe of it is changed, is 
V.C delay the resiihaping of th» device by sTieans? ol" a 
(resorbable) deiay sr.er.;ns being co;"ipriaed i;o che dev,lce 
ir.se.lf, arid theieby allow the device -to grov>f fixed i.ri 
body i:,iwsue by -rieiins of rtrsfcural heaLmci procer>?;eB , 

10 A.s tax: as th^ pres-sent iriven':,iG5i concerns, lu has 

been thorouqlily disclosed above. However, d-u.! i!:o r.he 
proyre;!?a of the invention, ideas came up to use the basic 
iriv-'ntive idea .not only for raBhaping of a cardiac valve, 
buc also for other non-related medical applications. 

IS The,refQre, in the foliovring there will be described 
examples of ia^slantable devices atnbodying tb® basic 
inventix'-e Idea in different way# asi ■£eg&£d& conatruction 
and especially as regards the type of oharxge of shape. 
Fux^th&r, in the following, there will also he deacribed 

SO examples of applications for ^^bich the ba^ic inventive 
idea may foe advantageoxjsly used. Soi^e of the following 
description is applicable on the present invention, e.g. 
Figa 6 to 9 and Figs 15, ISa and XSa, whereas some of 

it is not . 

SB P:oB 6 to 9 show t^t principle of delayed 

shor u.aning . 

In F5.9. 6, a ;-t:,hapSi'- ".-banking nierpber i, here in the 
f-ijrm of a thread 1, rTs&af,. or leaet ir. part including 
a C:.h&pe. n^enioi;y 'navOx i.ul i^- snowr^ havi,iV3 .;5 c;.;rved shape - 

netTitier 1 "remembers;" and wi.;..l assume vhen the te;r,peratu.>;e 
thereof passes a certain threshold, e.g.- exceeds? 30"C. 

fig. 7 shoi'^s the s.hape- changing menifoer 1 of Fig. 6 
h-rv-ing been straightened by stretching to a substantially 
3S straight shape. 

Fig. 8 illnstrates a device which is in its non- 
activated sr,a-ce of shape More specifically, by 
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covering the Btr^tch-ed and straight shape- chariging srsetriber 
1 in Fig. 7 with a delay means 2, here in the fox-m of a 
tube 2 having a sufficiently staaXI imier cross- sesct ion, 
the stretched shape of the shape -changing nieti^ber 1 can be 
5 iTsaintained evexi */hen the device is implanted into a human 
body and the teTaperature of the shape -changing member 1 
thiis exceeds the thix^shoid, s.g. 30*C< 

By manufacturing th;i; delay me-sns 2 frc5T? a reso.rbable 
macer-ial, the delay «b5an,s 2 v/.ill be resorb-^d by cime and 

10 Che shape- changing speniber J v;ii.l rcvsuine its original 

shape when the de.;ay rr.earu.; Z has; been xesorbed to such a 
degr-se or, exi:eat thai-, it, carsnot restrain the shape - 
changing ?-^emfaer 1 any longer,, ass sche^inatically 
illustrated in Fig, 9. Thus, che device has now "been 

IS transforsned" from its non-activated long stats of shape A. 
(Fig, 8), to an activated, shortened state of shape A' 
{Fig. 9), where the device consists assei>tially of the 
shape -changing ifiemfoer 1 onl^* 

In order to cleariy illustrate the shortening of the 

20 device^ the curved thread 1 is located to the left in 
Fig. 9, but, after its tran^for^mtion, the thread l fstay 
just as veil be located anywhere along the retnaining 
parts of the tube 2. 

The device in Plg> S may be manufactured in the 

25 following way, which is also applicable for tranuf acturing 
all e-Yce-pt, the ends at the evtibodiment of a device 
accordi-iiy to the prea^ent ir.vention. ^hov/n in Fig, I, The 
thre-sd 1 T?! a shape ^Tieir.ory nsaueriai, e.g. with the Siiape 
iilusf. .rated ixi Fig, 7, is progranimed to .j-en-iember the 

30 shape illustrated in Pig. 6 by foei.ag held in that shape 
whije at the sainie time being heated to a r.efr.perature 
above s;.3lc threshold- l-pr-r, co:.."; i tk? , beneach che threshold 
temperature, e.g. down to roosn teiTtpes;atur>a;, the thread !. 
will become ttsore flexible and may more easily foe deformed 

3S Into its previous shape shown in Fig, 7. In this cooled 
state, the thread 1 ia covered by the resorbable tube 2, 
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e,g< by threading the tube 2 onto the thread 1 or by 
forming the tube 2 around the thread I- 

Other devices according to th« basic inventive idea, 
including enjbodimenta of the present invention, may 
B operate and may be manufactured in a corresponding 
manner- Thus, <k sliape -changing meR\ber of a men^ory 
maC".^ri.Ai liryt held id a "preferred" s'cate of shap« 
while being heat-d above a threshold t,eT;^perai;ure , and 

iO car; eas;Lly be d!i'for;ned iru:o it.? previous ''nor. ■ pref.e.c.f ed" 
stace of e^hape. Thereafr.er, the liow '^progranined" snape - 
chanaiaq nieirsber iis ".locked" in said noa-p-ref erred state 
of stiav-e by a delay ineans in such a way that the delay 
ftKsans Will ob.struct the shape-cbanging Taarnber from 

IS resutrdng its preferred state of shape when being heated 
again, e»g. in a human body. Referring again to Fig< B, 
the inner radi 'as of the tube 2 must not neGessariiy be so 
ama:ll that the shape- changing merger in the form of the 
thread 1 cannot tnove at all in the radial direction. 

20 Hence, there may be a s«iali radial play in which the 
shape- changing meftsber l can move without conseguently 
being able to change tlte length of the device to any 
lax^ger extent- However, the device in Fig, 8 may also be 
inanuractured with essencialiy no play between the sT>hape-- 

S5 changing member 1 and the inner «id« of v^iie delay means 
2, possib.ly also wich a preterisiou uz biasj force f.rom the 
delay means 2 acting on the shape -changing membe.r I. 
In Fiqs 10 l;.o 13, fch« principle: Of delayed 

30 ^'"-^3- ^^^-^ shovv-s a fthape - "hanging 'ri'SCiii:>f-r 3, lit^re xa l;ie 

form or a thread 3 of a ehape-JKefi^ory vaauerial , having a 
straight original shape- 

Fig, 1.1 shows the shape -changing thread rf;evfibe.c 3 of 
Fxg, 10 whexi having been folded to a curved shape. 

3S Fig> 12 illustrates a device according to the basic 

inventive idea comprising a thread 3 as illustrated in 
Fig. 11, where the device is in its non-activated state 
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of shape 3, By covering the curved shape -changing mesnber 
3 with a delay means 4 In the form of a tube 4 of a 
resorbable material, the curved shape S can foe maintained 
even when the device is implanted into a human foody and 
5 strives towards its original straight shape. 

As schestiatically iliusstxated in Fig. 13, ;-fter 
implantatioK xrico the h?.r;nan foody, the delay means 4 is 
resorbed by tinie and consrequenr-ly the s'nape ■■ chja^.ging 
■r.e.n\ber 3 will he 'xe.leased to res'jfue its origix-ial straight 

10 shape B' , Thus, r..he devi -e hjis :;o<,v been ^.ransf orn-^d frorvs 
Its non- aoclvaied short .r.-^ abape B \Fig. 12) to an 
act :.vated, eIonga5:ed stat.e at shape B' i Fig, 13). 

In the illustrated devices, the le,n^£h of the shape- 
changing tt-ember i;3 is substaiitiaily unchanged by the 

is transformation, whereas the sha;ge of the shape-changing 
R-ierriber 1;3 is changed so that the length of the device is 
changed, 

Figa 14 to 25 show some different dev:ic;es according 
to the basio inventive idea. 

20 Fig. 14 shows a device being an alternative® 

at^rangeiitent of a de^ifice for delayed elongatioa as 
compared to the device showi5 in Pig. ia> Instead of a 
resorbable tube 4 as in Fig. 12 ^ the delay sneans 
comprises resorbable crosslinks 6 which held the shape- 

25 changing n?enxb-.;;r i:^ irs its curved state of. shape and thus 
the dcvj.ce :..n itc ncn-activated short state of. shape C, 

Resorbable crosslinks 6 (Fig. 14 5 inay also be 
Gomoixied with a tube 4 (Fig. 12) . 

Fig. I'i shows? a device 5n non - acr. i vated elonoate 

30 state of shap?- i: - H=i;; e, r.ne wn^pe- .changing neiTiber 7 lis 
sc:..=:sor3-- shaped . .-i delay tTieans S in the form of a tyibe B 
of resorbable rnatetial holds the shape -chang.vng n-!ea-t,ber 7 
in a stretched, elongated state of ehape and, thus, also 
the device in its elongate state of shape 0. When the 

35 delay means 8 has foeen .sufficiently resorbed, the 

scissors-shaped shape -changing member ? will resume its 
original non- stretched shape and the device is 



transformed to its activ^red short state ot: shape D' 
{Fig V IS) . 

Fig, 15a shows an altex'native device where the tube 
B ir Fig. IH is replaced by a delay 'f*uv^xi:' rhe -^r 
B resorbable threads 8a, The delay me^ns? Sa ho^is ru. 

scissors -shaped srAp>»---h=iagin9 memrer "v\ a, sv,i„^cl.',d 
elongate state of. shape and, th^is, the device in a si: ate 
of S5hap6^ corresjporiding to D in Fig, 15- Feferring to Fig. 
1 6a, when r,he d--;lay rrr-ans 8;s is cut off by rrieans of 

10 resorption., nhe shape -changing snesnber 7a will resunie its 
■:;rigir.a.-.. non~s?ti;rtchivd shape ax>d the device iff :..K-i;).-v- 
forn^ed cc Ils activated short state of shape correspon- 
ding to D' in Ftg. 16 V 

Fig. 17 Shoe's a device accissrdixig to the foa^ic 

15 inventive Idea in its non-activated s-hort state o.f shape 
E, A scissors -shaped shape -chas^ging metstser B of the 
device is held in a short state of shape by means of a 
delay means in the form cf a re®ox"to®tole thread 10, and, 
thereby, the whole device im held in its short state o£ 

20 shape E* When the delay means 10 is cut off hy means of 
resosrption, the shape -changing meEsber 9 will restirne its 
original eilangate shape so that ths device is transformed 
to its activated state of shape B' {F.ig. 18) , 

Fig, 19 s.hows a device according to the basic 

25 inventive. ids»s comprising a shape "C}:anai no nvi^.-f-be.?.' in th« 
f.'orr) cl a .';oxi 11 of a cvhapsr-;r:enx>ry ;?\i5ter-i.';'i hsv^ng ixjen 
stretched arrl arr.3in>9ed In a dei'iy tr-eans m ^n-^; rorra of a 
cube 12 of resorbable rnawe;,n.al . Th-^? dyviovj .la then in .i.ts 
non-act rivar.ed s".'^te of shape F. Vih-'Vi the del<;^y p-ie-sns 12 

.v3 has been suft icntniuly resorbed, the ^3hape -changi rig svieraber 
11 will resume its original shorter and wider snape as 
shown in Fig, 2i, and the device is traxisformed to its 
activated state of shape F' . 

Xn an alternative device shown in Figs 20a and 20fo 
according to the basic inventive idea, the tube 12 in 
Fig. IS is replaced fay a resorbable rod 1,3 provided with 
grooves i3a in -which a coil 11 is initially wound- The 
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winding of the coil 11 in the grooves 13a obstructs the 
coil IX txovci resuming its origii^al shape (Fig, 21) and, 
hetice, the device is held in its non-activated state or 
shape G by the rod 13, as illustrated in Fig. 20a, By 
S resorption of the rod 13 in e.g. a hujnan body, che s:hape- 
chsnging force of the coil 11 is released and the device 
.is trranaforTfied co its activated state of shape G' as 
shown 11^ Fiq, 21. 

li. device B^-own in Fig, 22 ac:::crding to the 

10 i-.-j;e.ic .-aven-Tive idea, a coil 14 is wou:id around a 

recorrjab.) a rod 15, Wh-eri uhe rod 15 is >resorbed, th*; 
snap'i* ■ Chang ' nc; r';rref) of v.he coil 14 will be released so 
th.sr th-s coil 14 rcjsucjcs an original elongate shape, as 
shovs'jii in Fig, 23, vifhereby the device is t^ransfortned from 

15 its non-activated state o£ shape H to its activated state 
of shape H' . 

Fig. 24 shows a device according to the basic 
inventive idea in the form of a pat oh for closing or 
obstructing openings, e.g. in the heart of a humn or 

30 animal body. The patch Mm a sbape ~ changing laeiaber 16 

coinprising a grid matrix fortned toy threads made of memory 
raaterial such as Kitinol or SMP. The threads may foe 
covered individually by biocompatible material such as 
PTFE or dacron to fill in the gaps betv;een the threads, 

25 e.g. in the vay shown in Fig, 26 ^s'lth rhreads .■^;S axid 
biocoi^pacible material 

The patch In Fig, 24 lurther cosapr i:je;-:i a frat^e i? 
for ancbor-.riQ fhe pjadi lii the body, e.g, by ne,^sns of 
sutures, Tn^- froiiac- Day be m^de ol' ':3ny o !,ocor:pau..\ble 

30 traterial, such as PTPE or dacron. By th-y use of a cone 

(lioc snov/n) , the threads may be spread apsrc , c roaring a 
ceni:ral opening i6a in the patch. The cone is advanced 
until a delay means 18 in the form, of a separate rij).g IS 
of a resorbable material, initially positioned on the 
cone, is positioned in th« opening 16a, The cone is then 
dra^vn back and the ring IS is left in 5:he opening 16a, 
rest.raining the elastic threads in such a way that the 
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cexitral opeiiing ISa in the patch is siiainuairied. Fig< 24 
shows the patch in its lion- activated state of shape I 
with the ring 18 positioned centrally^ hft&r implant: and 
sufficient resorption of the i-estraa-nir^g ring 18 and 
5 after a specified period of tints, the cenural opening in 
the patch is closed and the patch is activated. 

Fig, 25 shows an alternative device according to the 
baB.5c inveniiive idea la r.he foi'Ki of a paurh for closing 
open i,o . the patch snay lu> conj:trLiCued b> stt-^-m^og delay 

;iQ raeayio .^n i.hc fovir; of resorbanie t >iv-eads or banas 19 to 
Lhe top of a Si'aip 0'O?>? and down aicng the sides of tVie 
::;crse, adv^nclnq oor.e r.iirough the niddle of the patch 

so rhai- tha aia.^tic i}ir-:Ki<5 IS are spread out and thus an 
opening 16a m tha patch is created, and fastening one 

IS end of each band to the frasne 17 on one side of the patch 
and "he other end of each band 19 to the frame 17 on the 
other side of the patchy so that each tea^id 19 sncircles 
the opening* The toandss could be placed at reguiar 
intervals along the circunsf erence of the opening so that 

20 they esEpand a substantially circular hole in the middle 
of the patch. By tneans of the resorbable bands 19, the 
patch is held in its non-- activated state of shape J. 

The single sh-spe -changing thread in Figs 5 to 14 may 
be j-aplacad by several threads or by one or nore band,??, 

25 The scissors -shaped men-ibsrs 7 and 0 m txqs IS -c- IS rnay 
be fuultipiied so as to form a sciasor ah.,.pv>d os^^, .s W 5ich 
in uijrn may be shaped ^nto diii-ar-jitt f crn&' , 7he ,-:j.!^\3li:r 
tuba .i.a Flt^s S, 12, 15 ^md 19 be tjlct^ed ■-.■>' i-:>ay be 

divided xjito several tube seonienr-r^, A delay maar.s^ may 

30 also be provided m s:he forn of reKoir..able giue. ^■k-'hicn 
hoi da parts^ ot the shape ■ changmi^? -riGnCoei: toon-lhei- aad m 
thar. way delay the chan9e of shape of the device. 

Fig- .26 shows one possible arrangement of a part of 
a contractable area according to the basic inventive 

35 idea . The contractabl« area comprises a shape -changing 

Tt3en?ber in the form of a grid matri:^ of shape memory metal 
threads 28 covered by a delay tneans xn the form of a 
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fabric of a resorbable material (it should be noted that 
Fig, 26 was previously used to illustrate how the threads 
of the patches of Figs 24 and 25 tray be covered with 
biocon^patible materlai) . The fabric con^priaes resorbable 
S bands 29 which have been weas^ed together to forfn an area. 
Each of the resorbable bands 29 is solid except for a 
cylir-drioa.l hoilcAf sr:»ace in which a thread 28 is looated, 
just like the thread 1 is located inside the tube: 2 in 
Fig. S. 

10 The bands restrain the threads 28 frorr; being 

iolded to iiheir o rig u\ai curved shapes as long as the 
llabric 29 is not resorbed. 

Aiialogously to the device in Fig. 8, there may be a 
radial play between the inner wall of each band 29 and 

15 the thread 28 being located inside it, in which play the 
tbread 38 cart move without consequently being able to 
change the sise o£ the area of the device to any larger 
extent/ 

^'urther, the hollov space in each band 29 must not 
20 necessarily be cylindrical. Xn fact, if the width of each 
band 2B is small enough as compared &o the curves that 
the threads 2 S will assume wheis being "activated" as a 
result of the bands 29 being resorbed. the bands 25 may 
be hollow. 

25 The contractable are-s in Flo. 2€ nay be Ttsnuf actared 

by threading a thread 2S oi; a rfterticry vfiiUeriai xvXo e-ach 
resorbable band 29 aiid then weaving the bauds 2.9 with 
threads 28 together to form the fabric as illustrated in 
Fig, 36. 

30 .A^nother po,^i?ible vsay of making a cent ract. able area 

accord'j.ng ro the basic inventive idea would be to arrange 
threads or bands of a rj-vgimory material in a grid matr.- k 
and to fix. the threads or bands together with re.soi; bable 
crosslinks. The resorbable crosslinks would then restrain 

3S the thxeads or bands froa; being folded as long as enough 
resorbable material in the crosslinks is left unresorbed. 
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The basic inversfcive Idea opens up for new 
possibilities within many medical appiicatious < 

The basic inventive jdea would for example be isseful 
where openings of buraan, os' animai , orgains or other 
S sfcructxjrsiw n^od to ha vpt, tcd oi i-Kj-^a <=- '-i* 

of 1 e-^'" 1- = t i^^T" ? u jv. < ^ ' i * io 

would a device d^^s^gned to s^horr^en or ienqthen a humau 
or an.i.Esal structure xn oxxb or snore <ii.si«nsions. The devxcs 

IS ^ouid thon have time to heal into tiie Dody s^tractuie 

befcox?e shape -cbarsgmg iora^s are released and torce tne 
body stx-ucture feo slowly cbange ite shape, 

Thi& ooiud toz exanpXe be usef.^i xn the atea of 
oxt.iopaeiics for "engthenang ot a bone structure. 

20 S'or orthodonfciG treatment - the ^?as.ic inventive idea 

would foe xxBetui when xt comes to tooth- regulation and 
^enatherinq of t:;ie mcixx^la and/ox nandibuXa, i.e. tht 
upper ana lower lawe. 

' p( \^ q > i < <- X « h ^ ^ K ' TwE iJa 

25 t*eu ufijd o cv^i." jsK 5 ^.efev^l-^- JsAn9 Xjab-'o 
iiiven- i^.'i- idta, a s^o.*? growth o& sKxn area v<?ouid be 

30 thxea s^eoTents cou'd w desigred, where the distal ende 
c*" th^, devicfe *.irst are allowed to 9£ow ^ato the *w2,ssuc 
After f ixatior cf the two ends of the devire the pen*-" 
rtssfJiie, thi:, mj-vi portion which temporarily has been 
ifc.stxair.evi by nean& of a r^^^^orbaoie tratcrxal asi descrioed 

is abov* vl b«= re3eas#»a ara the m d portion or the device 
will ijrow m leu^v,^ 0'''^«u ^p^-oif^c c&p«(Cit'>'' of « human 01 
■^njT^l rodv ~o a vnw slow I'^e^oxrat icn of rxgan' 
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tissues by compensatory tissue adaptation^ A penis would 
therefore grow slowly to a predetermined length. 

Sy means of the basic ixwes^siive idea, a sequential 
effect o£ shape -changing forces could also be provided, 
5 i.e. chsnge of shape cotsld occur in cwo or several steps 
as a result of resorbable material relea.-ring the shape - 
changing forces in predetermine:; steps, Irs. each r^tep, a 
part; or parts of a device could first heal into a body 
scruccure aad secondly the desired ^hape-' changing effects 

10 could be released, 

A,« seen from trie escanples .^tove, a xrabGtaati==jl 
adv'ar.taqe of the bas.i.c inverxtive idea is that a change oi: 
i?h.ipe is allovv-yd uo be a\ade slowly so that body tissvies 
have cisTse to adapt < 

IS Another medical application of particular interest, 

which could be improved by using the basic inventive 
idea, is treatment csf pathological alveoiar sac growth. 
Some background of this disease will tee cfiven nextv 

Chronic obstructive pulmonary disease (COPD) is an 

20 unitorella term used to describe airflossr obstruction that 
is associated mainly with emphysema and chronic 
bronchitis « eOPD is the foxirth leading caiise of death in 
the U,S, in l9$Bf according to the Mational Center for 
Health Statistics, Report of Final Morbidity Statistics,. 

25 1S58. Emphysea^a causes irreversible lung d-ama-ge. by 

v/eakening and fo.reaking the air sacs v;ichin i;-.he lun;:u;. 
Further, sick air sacs sofaetxmea grov/ unreiii:r a-in-jdly and 
repiress sSiT'.alier air sacs, result inq in lack of oxygen and 
by tirt^e death. This disease i.^> hard to treat, present , 

30 i-jurgical c rear. !r;enr.. of delated a.^ r sacs involv&s cu'ctirig 
thevn away, bur. th.i j? treatme;it 9.-.ves no icng-i:-^r;p etiiect 
since a nev/ air sac will soon start to grow. 

This known method for treatm.ent of alveolar sac 
growth requires , whether it x& effective or not, major 

3S lung surgery which, as a^entioned before , is particxilarly 
hazardous to certain groups of patients- Therefore a less 
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invasive rfiethod for treattnent of. alveolar sac growch is 
desired , 

A contractable area, as the one shown in Fig. 26,- 
?r,ay be fortned xnto a contraotable sh«et for treafcmei^t of 
5 alveolar sac growth, e.g. etnphysematic pultnonary 
diseases . 

Figs 27 and 2^5 stiow r,he use of a device accorOina to 
the basic invantive idea lot treatn^eni: or. alveolar sac 
growth , 

10 Referring d F.ig. 27. a cGntr-ractab.i.e Bheeu 34 in xts 

;ion- act- > v.".f--sd i:tate of. shape ^t ..s rolled up o.a s csci-seter 
S'"-, :.nt- roduceci between ribs 36 into the pleural cavity 
.i-r..- i^pace fo^cween the pleura of the lung and the pleura 
of the chest wall), and placed upon the lung 38 surface 

IS to .be treated. 

The contractable sheet 34 may also be inserted into 
the body by tneans of open surgery or by iraeans of 
endoscopic surgery and positioned on an organ surface. 
Now refer^^ing to Fig. 2&> tha sheet 34 is then 

2S rolled out over the l«.ng 38 and the catheter 3S is: 
refsjoved, 

?rhe sheet 34 is: arranged to grow fixed to the lung 
surface so that subse<guent contraction ot the sheet ?i4, 
a-a a result ot the resorbable material of the shset 34 
25 beirig rescrbed, C'Suses ^ho t^hect 34 Ic cc-mpr-ss.s the lung 
38 by Treans ct a lorje of t::e ;ij;-.5pe mer^rjry raecai. threads 
:in trie s^heci. S4, Hr.rice- bul.'. a^v ^ivi .'sreas ot: eiilar^od 

p.:5t jf^Iccjir--! I grov.'^^. ^..IveDlar .^-;5cb T;u;y he prevent: cd < 
30 Ir. tr.is caec \;;C o^.-:.'. \actafoli.» >3he>r:t 34 conrrraots in 

two d-ir-icf ions, one apprc>..lniate iy verticjsl and one 
.apprcx.iTiately horizontal , The aheet 34 could a.'ls-c be 
designed to contract In one direction only, e.g. the most 
horizontal one, or contract in a circular mods, and still 
3S be able t;o shrink bullous areas and prevent alveolar sacs 
f ro5n growing . 
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According to the basic inventive idea, a device Sor 
treatmeBt of pathological lung growth is itr,plantable into 
the body of an organissn and comprises an elastic 
ccntracfcable m&xcter being ax-ranged to enclose at least 
S part of the lung of the organism, and a delay means raiting 
arranged to delay contraction of i:he con -iracu able tnefRber 
when cbe device is irnplanted in the body of the organism 
by ccAinter -seeing the contraction d'-jring resorption of the 
delay Xi\eans by th-i surrounding body o.? the organ! 

XC A basic advaataqs? of cbis? devir;e is thar, the device, 

since s?ih3.d contraotabie :rserd-;er is ela^^tic, can be 
ins?artad inu.o the 'nody using catheter-auided techniques. 
Hence, less invasive treatments can be provided. 
Another advantage, which come& both tram the 

IB elasticity and the delayed contraction, is that the 
device can be inserted by means of catheter -gnidsd 
techniques evexi if said contractafole jnember comprises a 
large area. This Is due to the fact that tbe 
sufostantially elastic device at the inserfcion qaji be 

20 rolled up on a catheter and then be unfolded to enclose 
said organ. 

After a period of time after the surgical or 
percutaneoiis insertion, the device will start to contract 
as ^3 resuic of the delay means being resorbed. The 

2:5 contreiction will then make the dev^c^; enclose the organ 
tight and apply resv.^a:.:;i.ng torcc which holds back the 
grcwi-,h of the orjan, S:.no!r the in-ip.;anred devi -^e applies a 
coritiauous re?.a: raininti t:orce zo the crq^un, uK-ie. iong-cern^ 
ef.?ec::,-:^ car, b*^ aohiaved m i;£eatricnt of grC'V/ing body 

30 orcanf?. It a ^ tr- be niv^ed that if trie contraction of the 
device would not have been delayed, it would have been 
veiy difficult: to roll tip the device on a catheter arid 
then unfold it round the organ. 

Preferably, said contractable member comprises a 

35 shape memory material, e.g, Mitinoi . 

A tt^ethod for treatment of pathological lung growth 
according to the basic inv^entive idea cotnprises the steps 
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o£ inserting s restraining device ixito the body of an 
organism, enclosing the limg of ..h« organism with chs 
restraiiiing device, cort^pressing sa;s.d restraining device 
by means of a contractabl^ member of said restraining 
device, snd delaying sa;xd compression by a resorbable 
delay meanB. 

iho ;pe", ;:iod vKiy he xjesed for treatment- of huiJou^ 



be lixcd -.a cody ti,Si?ue by otrn=^r re^.ns ir: coril-iao^-ion 
w:.th C't \nf?ts^-5d ' the healing process allowed by the 
delay-.n^^ cl lii'^ :h.~ti^^^ of shape- Hence, tixing of a 
dsvice according the basic inventive id^a may as well 
b«; ciccarf^plished for example by means of suturing, gluing, 
clipping or using hooks. These means of fixation would 
perrait a better healing in of the device in the tissue 
and also prohibit dislocation while healing in. 

As already seen, the number of advaiitages of a 
device according to the basic inventive idea is large, of 
which a tew are mentioned next. The basic inventive idea 
provides: 

X, less invasive surgical treatments; 

2. devices thau are properly fixed inside the body by 
means of parts healing xnto the body tiisssue; 

3. devices to be designed that havu- Cs-^liiple |:u-*-p.:»ses; 

4. el : n^lnai-ing stafoilisiing surgical liiStruraents for 
keepitiq a present shape of the device during 
ope rat ion ; 

or.95 nees t-o dpcjdc* -A':.or. sh.,jpe - cJi^^ivi'sg action 
r.y v.he device :^!3 no take place m the n-^dy; 
6 , a ohtsiige of sh.ape to be trsade slowly so that body 
tissue has time to adapt. 
The following part of the description is a copy fron> 
0,S, provisional patent application Serial Mo. 
go/344,121, fried December 28, 2001. This pare defines 
the inventive concept according to ot}ier aspects, and 
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describes €;STibodinients thex-eof ia other ways which sbctild 
not be construed as limiting the specification of the 
im'eTition according to the above aspects. 

The presjesit application relates aiso to cosriba nations 
5 of trse enbcdiPieiits shown abov«, and the etnfoodia^ents that 
will De showi-i below,. 

Regardins the r (if f rc-svce.-- ro tr.-f tjqurc-a "Jie text; 
oelovj, t^es.e are made to the figures m drawing sneets 
1,1 ■:;=„.. wn:ch are in the figures marked with a nusnber aiid 
10 a prime ( ' ) , 

Tiie fciiowj rc ; > t- i r. n ^ a 'aechod and a device 
for treatnient of mi t, rat £-i>rio-:cy . 

Fx el d Of T he Invent- 1 on 
IS The present invention relates to a device for 

treatment of Tnitral insufficiency and, more specifically, 
for treatmetit of dilatiori of the mitral anauXus. 

Backgx'oun d of the Invention. 

S0 Mitral insufficiency caa result from several causes, 

such as Ischemic disease > degenerative disease of the 
mitral apparatus, rhemafcdc f eve r> endocarditis ^ 
congenital heart disease and cardiomyopathy. The four 
n-isjor sr-ructural components of the mitx^al valve are the 

25 annuius, ihe uvvO lc<sf:l-?ts, the chordae and rhe papillary 
muscles- ^uw one or all o& these in aifterent 
cojr:bi.n,«i:.ioxis snay be injured ajid create insufficiency. 
Annulax d,iidiu;.cn is a major component in the pathoiogy or 
ivitral i:\;?uf. f :.cieacy regardless or cause. .Moreover, rnarjiy 

30 parienr;- n-av- a rctr&l msutiiiciency prinvirily or 

excUisiveiy due to posterior annular dilcitlon, since ube 
annulus of the anterior leaflet does not dilate because 
it is anchored to the {libroue skeleton of the base of. iJje 
heart . 

3S Stiidies of the natural history of tnitx'al 

insufficiency have found that totally asyniptomatic 
patients with severe su.tral insufficiency usually 
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progress to severe disability witharx five yaars. 
Currently, the treatment consists of either mitral valve 
replacements or repair, both tnethods requiring open beart 
surgery. Replacement can be performed with either 
5 mechanical or biological valves. 

The tneGhanicai valve carries the risk of 
thromfooefsibolism aad requires anticoaguiation, w.:r.h all. 
Its potenci.^l ))a-KArdi'3, whereas biological proBt.hes-is; 
■rvA'f.&r t'rop^. l.Ir,ui r.'^.Ki dur^ibiiity. Ar.cir.her hA'.:«ra with 
10 replacement is the ri$k of endocarditis. Tbese risks and 
or,hax valve related complications are greatly diminished 

M.icral v-alve xepair theoretically is posaibia if an 
essentially norrjial anterior leaflet is present- The 

15 basic four tecbniques ot repair include the use of an 
annuloplaaty ring, quadrangular segaieatal resection of 
diseased posterior leaflet, shortening of elongated 
chor^dae> and trajiaposition of posterior leaflet chordae 
to the anterior leaflet, 

20 Angioplasty rings are needed to aciiieve a durable 

reduction of Che annular dilation. All the cosmon rings 
are sutured along the posterior mitral leaflet adjacent 
to the raitral annulu^ in the left atriuuu The Duran ring 
encircles the valve completely, whereas the others are 

2S opcii cowards the anterior leaflet. The r:.ng can either 
be i igid, like the oiiQ:ir!aI Carperu; ;,er rlnn, cc flexible 
but .^orj.-e.sasr. Tr, like the Dux«n ri-uq jr the Ccisarove- 

Efrectlve treatntent of mitraj -.nsuf. T icierKv/ 
30 Ci.jirre;itly requires open -heart surgery, hy the use oi 

tota.l cardiopuliTionary bypass, aortic crc^s-olampn ng ap.d 
cardioplegic cardiac arrest. To certain groupa of 
patients, thiss is particularly hasiardous, Elderly 
patients, patients with a poor left ventricular function, 
35 renal disease, severe calcification of tbe aorta, and 
those having previous cardiac surgejry or other 
concottutant diseases ivould in particular snost likely 
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benefit from a less invasive approach, even if repaix" is 
not complete. 

In view of these drawbacks of previously known 
txeatmentvS, it wo^iid be desirable to provide a minimally 
5 invasive approach to treat mitral insiirf Iclency , i.e., 
without, the need for cardlopultnoRary bypass and without 
opeiiing of the chest a.nd heart. 

It aleo would be detsirabie co provide a reduction, of. 
the mitral anrusluy U3ir:g orfly catheter based r.echnoiogy. 
10 It furuher would r.^e des.-rable to provide a trsatfsisxit 

for Tiiivral 1-isuff iciency thai: rtiir^irfU-zes traurra to a 
patient's vascuXatxu:e while using catheter based 
technology. 

IS Si^mmary Of The Invention 

Irs view of the foregoing, it is an object of the 
present Invesstion to provide a trtinimally inyasivie 
approach to treat mitral insufficiency, i.e.y without the 
need £or cardiopulmonary bypass and without opening of 
20 the chest and heart . 

Xt is al^o an object of the present inv^ention to 
provide a rsdtaction of the mitral amulus using only 
catheter -based technology i 

It is another object of the present invention to 
25 provs.de a treatment tor rrdtral ixisuff iciency that 

rn.i rjL-;,ns.;,z.e3 traunui to a patient's vasculature while using 
catheter based technology. 

These erid other objecus at uhe pres';?nt invexition are 
achieved by providing a device foz' tie.atn;ent of nut.ral 
30 .insur ticiency, whereby Che circumf -urence of the mit.ral 
valve annulue is zedaced when the device .Is deployed 
and/ or actuated in at least a portion of the coronary 
sinus , 

The device in accordance with principles of the 
3& present invention tnay cotnprise one or more components 
suitable for deployment in the coronary simis and 
adjoining coronary veins. The device snay be configured 
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to bend in-slfcu to apply a compressive load fco the mtraX 
valve aniiuliis with or tf^ithout « length change ^ or ?nay 
include multiple compcnexits that are drawn or contracted 
towards one another to reduce the circumference of the 
5 mitral valve annulu®. Any of a. nuxdb^x of typ&s of 

anchors may fce used to engage the surrounding vein and 
tissue, including hooks, barbs, tl^xn2^3> i-axayxl or: 
conp.iete.;y - hrough- wall tee ;vt:ra .^r.ure^:; < or biologic-.?; 

jO rti-:?.x-s, ,^oa c-f the n-.itr-Jii VvUve annulus nay be a :>;:!p.l irr.ed 
•jur: .i.nirlA; depioy?!-ynt of th- Oe-vice, o'x by 5n c-Kvci.i cal 
■.3-rr\;3i: ioa during subsequent in-dwelling of fhe device. 

:n one cniodifnent corrprlsing ttJultlple components, 
■.:;io device ccmprisies proximal and distal stent sections, 

IS wherein the proxitnal stent section comprise-^ a deployafoie 
flange. The stent sections are dsliwred inte? the 
coronary sinus ±xi a contracted state^ and thexi are 
deployed within the coronary venous vasculature so that 
the flange engages the coronary sinus ostium, A cinch 

as Taeeshanism, comprising> for escas^ple, a plurality of vfires 
and eyelets > ie provided to red-ace the distance between 
proximal and distal stent sections, thereby reducing the 
ciiuuiTference of the mitral valve annuluSv 

in Tr. a...?:erx>^tive embodirtient , ths distal stex-^t xs 

25 re-placed by or uicludes a suitably • i)}iv^i..ed distal anchor 
that is disposed within or thiough the left ventricular 
rnyocardiura. The diutal -sncho.? nviv h-? '^n ths torr.i or a 
Te--,' yl-wXc or barbed section, -ind enqages the Yenu.ricular 
iV:y-oc:5v-j iv.m, or ex^ena,? into the iefi ver.tricle, to 

30 provido a d:u^ta~. f .i>,<;-.t..on point. ,'\.« in the pr-iiceding 
eint-.xiia-ent , a cmch mechanism is provided to sborrer; a 
structure, such as a vire, that extends between the 
proxiTEsal stent and the distal anchor, Ths dxscal axichor 
may be used alone or in conjunction with the proximal 

3S flange of the preceding embodiment « 

In a further altexXiative embodiment, a balloon 
catheter is used wherein a balloon in fluid cojamunication 
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with a lutTsen of the catheter cowprisss a px-edetermiu«d 
deployed shape. A stent, which may be compressed onto 
the balloon in a contracted state, then is plastically 
deformed by the baxl':or v.-lthln the coronary sinus, and 
S the ;i;i-??nt >?ubt^r.>=^rJ: . y -.-aiorma to the predetermined 
shape o£ the b--.aioe;i : n deployed state. The bal.locn 
preferably corapri;vei^ ~i ocnvex ."haps, !:t.o chat the ^JteiSV, 
will aosoE^^e the conv.*x s)i^„^pe or vhe biJlooa jaid bersd uhe 
:xvror.ary sinu.'; accordmcily , The shape o£ the suent, 

10 convex or otherwise, w.iil foe corifiguz-ed co reduce the 

c.-.rcun;IUrrerK-.'-i ou !: ;:e irsitrai valve annulus when deployed 
in the coroaary sinus. 

In a yet further erioodi-aent , the proxiatal and distal 
stent sectioi-is are diresctly coupled to on« another by a 
central section, so that expansion of the central section 
causes the proximal and distal stent sections to foe dra^ 
together. In this eit^boditneiit > hov*ever, the central 
siection includes one or wore biodegradable structures, 
such as biodegradable sutures, that retain the central 

20 section in its contr«icted state until the vessel 

endothelixi«vhaa overgrown a portion of the proximal and 
distal stent sections, thereby providing biological 
anchoring of the proxitnal and distal stent sections. 
After the proximal and distal stent sections have beconse 

2S endorte^.-^ai i,;;ed, tl-e foiodegr-sdablfr scr'acture degrades, 

rc ~. CaisiJiCi f h-.- cer.rra~. ?!~cr''i-in and wnabiing to expand. 
Th<r cerr r.&"l secL^on ti;e£.eby Cipplie.v a tensif.e load to chs 
proxitral and d.^r;-tal iSten" secr^oni?, eansxng a reduction 
iri i;he circu>-cif erer.ce of r.he mitral valve af;ni.las, 

30 A yet further alterr.ative e;nbod.ivnerit cornprisses a 

series of linked segsnencs that axe capable of reJativs- 
rotational and telescoping movement. Xn a preferred 
embodisnenr.,, each segnisnt includes a ball element that 
couplas to a socket elevnent on an adjacent segment. The 

35 ball arid socket connections permit the segments of the 
device to become angled relative to one another so that 
the device is capable of assuming a three-diniensional 
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c\irvat\5r«. A cinch wire extends through a passage in the 
segments and permits the device to .fo« cinched rigidly 
into a predetermined shape. Some segments also may 
include telescoping joints that permit the ovexall length 
S of the device to be reduced xjpon actuation of the cinch 
•^ijis'e. The cinch wire aiay include either v=x locking 
niechanisrt; attached to chc ciech wire or alcernatxvely may 
include striationo on the contacting .ball and socket 
.surfaces tiiat j:;errait the segments to rigidly engage one 
10 another when cinched. 



Brie f Desc ription Of The Drawing s 

Fu^-ther features of the invention^ its nature and 
wrious advaatages mill be mosre; apgsa^r^nt farom the 
15 accompanying drawings and the following detailed 

description of the preferred essbodiments, ii^ which t 

W1Q> 1 is a cross- sectional v^ies? of a part of a 

FIGS. 2-^3 are schematic views of a f irst ejsbodiment 
2Q according t© tfae present in^^ention; 

FIGS. are schetnatie: -views illustrating an 
instrument that may foe used when positioning the device 
of FIGS, 2-3 in the coronary sinus; 

FIG, 7 is a partial, enlarged view of the first 
25 eiritiodimenc shown in FIG, 2; 

PiGS- 8-9 are scnesTsatic views illustrating tj^e 
positicriing of tise device o£ FIGS, 2-3 in t}:e coronaj,.v 
sinus ? 

PIGS, 10-11 are schematic views i 11 ust racing the 
,"^0 pcsiuioning of a solid U-shaped wire within the coronary 

PIGS. i2A-12D illustrate an alter:i,;4Live eTabodiment 
cosnprising a dej^loyable flange coupled to the proxifnal 
stent section; 

3S FIGS. i3A-13B illustrate deployment and actuation of 

the device of FIG$, 12A-12C; 
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FIGS, i4A-i4C illustrate an alfcernative esKfoodiment 
of the device of the x^reseiit invention having a distal 
anchor; 

FIGS. 15A-15B illustrate deploynient and actuation of 
S the device of mm. l4K-imt 

FIGS. l$h~im illustrate another alternative 
einfaodiment of the device of the present invention 
cotnpriaing a balloon"e>ipandabla device thac is depioyed 
t.o a curved shape; 
10 FIGS, 17A-X7B i].lusf.rata a balioon chat deployy to a 

prsdeterK'iiaed curved shape,- 

FIGS, 18A.-1SC are perspective arxd side views of a 
further alternative embodiment of a device of the present 
invention,; 

15 FIGS, 19A-I9C illustrate deploymenfc of the device 

depicted in FIGS. 1SA~18B; 

FIGS. 20-32 illustrate a still fisrther alternativ:e 
embodiment of the priesant invention comprising a 
pl-urality of interconnected segments and deplo>iuent 

20 thereof. 

Deta xled^ invention 

The present invention takes advantage of the 
position of Che coronary sinus heing close to the ;r>itral 

25 aro-ulus. 'ihis makes repair p>oswible by the usti- of 
cuirer;,. ^.'-itnef-er ,juidcd tc-ch'-i -Ap.-es by depioynng one 
ele.nera -:.ri 'olur coroaary venotis vasculature chat applies a 
load to, and r-?f;napes, the adjacent posterior portion of 
t.he mitral an.nui.us, 

30 The coronary v^:xns dx.,5in blc-od frr.v "be ?riy:.-ca>X3-.oam 

to uhe right auzium. The. smaller veir^s dram Dlood 
direct: ly into r..he atrial ca^'ity, and the lara^?"- veins 
accornpany the ;najor arteries and run into the cotonary 
siaus which substantially encircles the mitral orifice 

35 and annulus. The coronary sinus runs in the posterior 
atrioventriculai" groove^ lying in the fatty tissue 
between the left atrial wail and the ventricular 
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myocardiuTts, before drsjxxixng into the right atrium between 
the atrial septutn aad the post -Eustachian sinus. 

FIG. 1 is a cross -sectional view through the heart 
arsa of posterior atrioventricular groove 1, which is 
5 filled with fatty tissue. It shows poscericr leaflet 2 
of the mitral valve and adjoining pame 3, 4 ol the 
atrial ?(r/ocard.i urr; arid the ventricular Tiyocardi^um. 
Coro-u5.ry sinus 5 us shown close to mitral annxi-Uss 6 and 
behind ati: achmenS: 7 of.' posterior leaflet 2, Since 

10 coronaii-y cinus 5 subsv.anciaiiy encirclea rnicrai anriuluf^ 
6. a reduction of the radius: or curvature of bent: 
coronary sinus 5 also will resxilt in a diamste.r and 
circumference reduction ot mitral aimulus 6 , 

In an adult, th^ course of coronary sinus S may 

15 approach within mm of the medial attachment of 

posterior leaflet 2 of the mitral valves* Freiitsinary 
measurements perforttsed at autopsies of adults of normal 
weight show similar results, with a distance of S.3±0.6 
mii at the Ttjedial attachment and about 10 vm at the 

2Q lateral aspect of posterior leaflet The circumference 
of coronary sirsus S was XS.3±2.9 mn at its ostiuTn (giving 
a sinus: ^liameter of the septal aspect of th« posterior 
leaflet of 5,8 + 0.9 mm) and 9,7±0>S vcm along the lateral 
aspect of posterior leaflet 2 {corresponding to a. sinus 

25 diameter of 3,1+0,2 mra) . 

In accordance with the principles oi; the present 
invention,- devices; a.nd methoo-v for f.reamnQ nsiural 
insufficiency are providei, wherein the circi.nit cre;":Ce of 
■:-he mitral v^uve annuiue is reduced when the device is 

30 deployed and/or actuated in at least a portion of the 
coronary aimis. 

Devices constructed in accordance with principles of 
the present iiivention may comprise one or mox'e conponenCsi 
suitable for deployment in the coronary sinus and 

3S adjoining coronary verns. The device may be configured 
to bend in- situ to apply a compressive load to the ttsitral 
valve annulus %v'ith or without a leiigth change, or may 
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include snuitiple componersts that are drawn or contracted 
towards one another to reduce che circumference of the 
r«itral valve annulus. Any of a nut^^er of t^^pes of 
anchors; way be used to engage the surroiui^ding ve;i.n and 
S tissue, including hooks, barbs, flangea, partial or 
comp]ete.ly through- wall, tee striictures,, or biological 
anchoring. Where Pult.i.ple componsats are provided, 
.rocHicv,iori of the ra.!.t:ral valve aruiulua n-iay be accoinpl ished 
during .i .a.i.t ia.l deployment of the davice,. or by biological 
10 acr.>.i-3tiori durir?g «ubs?equent in-dwell .i.ng of the Oevic?-:. 

«,xperiences shor'^ening during depl oyraent ia described as 
cOiTiprising an elongate teody S made of metftory metal, e.g. 
Nitinol,, or other similar material which has a menxsry of 

IB an original shape, illustrated in FIG, 3, and ^bich can 
foe temporarily forced into another shape, illustrated in 
FIOv 2 - Elongate body 8 comprissis one, two or more 
tr.ensory metal strings 9 of helical or other shape so as to 
fit tdgether and be able of to permit the ??!OV®menfcg 

20 descr.ibed bellow* Motig elongate foody 8, plurality of 
hooks 10 are fastened so as to extend radially out 
therefrom. Hooks 10 are covered by a cover sheath 11 in 
FIG. 2. 

Bllongate foody 8 is forced into a stretched or 
2S extended state by tneans of stabilising instrtm;ent 12 

shown in F.IG, 4, InsLruts^env, .12 na,$ cwo arn^s 3 3 at distal 
end 14 of rod IS arsd locking rfieans 16 at proxirtial erid o£ 
rod 15, The distance between the ends oi; .rod 15 
corresponds to the deoired .length at elongate body 8 v/hen 
30 being inserted into coronary sinus S, 

Arms 5,:> are free to tnove bet: ween t,he po?.ir.ion shown 
in FIG, 4 and a position, in alignment wit.h rod 15, as 
shown in FIG. 6. Locking means IS has two locking knoba 
17, which are pressed radially outwards from rod 15 by 
Is two sprixig blades 18, Thus, elongated body 8 can be 
pushed over rod IS of Btabilising instturfient 12, then 
stretched between arms 13 axid knobs 17, and finally 
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locked iii its sLr>st.ched state on scab-Hissing instr«n\e«it:. 
12 between arms 13 and knobs i?, as illustrated in FI<3. 
5. 

Rod 15 m^y be a metal wire which 1.? relatively stiff 
S between distal end 14 and lockina «>eans 16 but still bo 
bendable th^t it \^n.il follo^v th-? sliope oi coronary sinus 
S. Froxi,rri.^l U- oi; :,:,c,<^r_a ';jeax:s !€ zi^e cnet a1 v>'l,t:fc: of 
Kr.a;b.;,li2;in<j msH: ruici-jat I:*; r;iore plioA.b.le ro t>e c^ble to 
•ia.'j.ily follow the tenuis of rhe veins, 

le The above "dojycrtL bed eaorsqouie body S is poi-itioaed in 

the coronary sl:uis 5 in tiw following ■vvay; 

An incrodxictlon sheach (nor. sbr-'A-n) ot synthetic 
mafcerlal may be used to gafe access to the veao-as sysstem. 
Having reached access to the venous system, a long 

IS g-uiding wire {not sfooiitfji) of metal is advanced through the 
introduction sheath and via the venous sysbesv to coronary 
sinus B. This guiding wire is provided with X~ray 
distance markers so tb.®t the position of the guiding wire 
in coronary sinus & tmy toe monitored. 

2Q Elongate body S is locked onto stabilizing 

instrutRent 13/ as shown in FIG. 5, and introduced into 
long cover sheath 11 of syntbetio material. I'his 
aggregate is then pushed throngh the introduction sheath 
and the venous system to coronary sinus S riding on th'S 

25 guiding wire, A.fter exact positioning or elongate body 8 
in ooronary sinus 5, as illusstx-aced in FIG. « where 
;Tiif;j.al valve 19 is shov/n having central g^sp 20, cover 
shea-rh ]'l retracted to expose "jlongat-o body S ><.>ithin 
cororiary siaus S, This rttaneuvei: allows b;Ooks 10 on 

30 elongate body a to dig into the wall:-" of coronary sinus 5 
and into the heai~t . Elongate body S is still locked on 
to sivabillKing instrument 12 such that hooks 10 engage 
tVie avails of coronary sinus S in the stretched or 
extended state of elongate body 8 . 

:|S Catheter 12, shown in FIG, 6, is pushed forward on 

the gmding wire and rod IS, to release elongate foody 8 
from locking tr,eans 16 by pressing spring blades 18 coward 
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rod 15- This ?r?ovesr.enr, releases knobs I"? as well as arms 
13 from engagement with ^Xorjgate body whsch contracts 
elongate body 8 as iiliisfcrated la FXQ- 9,- thereby 
shortening the radius of curvature of coronary sinus E. 
5 a resxilt, fsutral valve snnuius 6 shrinks rrscvmg i:he 

posterior part thereof i-.>rv/5.rd 'ahovtii by arr-i^/s ia FIG. 

valve annuius 6 and thereby closes cen::raTi q.s^: 20. 

FIG, '? xilustrrTue.s « part of an ar.rar;ae;-K of v/ires 

iO 9 and hoohs 10 a.i.o:-o a periptier-a.l p<5rr, or elongai-e body 
8, whereby elongate body 8 will, be asyirffnetricadly 
concracted resulting In a bending thereof %v'hen 
interconnecting parts 13 of at l^&ast some of hooks 10 ar€^ 
shortened to an original shape* 

is FIGS.: 10 arid XX illustrate an alternative ejafoo<5iment 

of an elongate body 8 ' which do«s not experi^nc® 
Bhortening during deployTsent . Elongate body 8' oompriaes 
a solid wire in fche shape of an open y-shaped ring that 
vrtil engage the ?i?all of coronary ainas S most adjacent to 

20 mitral valve annulus 6 when inserted into coronary sinus 
5> Elongate body 8 ' oonsists of a memory metal material 
wliich when reverting t© its origiasl shape will b«nd as 
illustrated in FIG. 11, The return of open ring 8* to 
its original shape f!5ay be initiated in. several ways., as 

25 is obvious fcc the wan ^skilled in the art < 

Further; erabod-io-enr compri si two or more ste--r. 
sec;: ions that, are coupled by a systssri of v^'ires and 
eyelens are described xa co-pexiding U,S. patent 
application Serial Mo, 09./''7C , 677 , filed Pebruary S, 

30 2001, which is incorporated herein by reference. In the 
embodiments described therein, lndlvidua.1 proxitnal and 
distal stents are first, deployed in the corociatiy sinus, 
and a cinch mechanism, illustratively compr.is:rna a wii'e 
and eyelets, is \ised to draw the proximal and distal 

35 stent sections towards one another, thereby reducing the 
circurs^ference of the tsitral valve annulus- 
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xeferrdng now to FIGS, 12, a further alternative 
embodimeiit is described, wherein the proximal stenc 
section includes a flange that can be deployed to abut 
against th« coronary ostium. P,ppa.ratxi& ?6 cc^iprises 
5 device 58 disposed within delivery sVieauh 60. Di>^<^}.ce SB 
comprises projsi-mal extent: section 62 joined co distal 
stent section 64 via wire »6 and cinch mechanism S7. 
Prc-xiraal and dj..'^r.ai ^terit sectiorus 61; and 64 
i "i.lu£-Lr.aC..iv'elv are sei f -expand j nc} stent:??, j-ut 

10 alternatively nvay ren^priFe ballsCon expand-^bl« fftt-.nts, 
coiled- saeet stents, or other type ot scent, 

Stenrs S2 and 64 axe disposed within delivery fslieatb 
£0 with « disca] end of push tube BB contacting the 
proximal end ot proximal stent section 62. Proximal 

15 stent section 62 comprises deployable flange 69. 

Deployable flange £9 is initially constrained withiij 
delivery sheath 60, as shovm in FIG. 12A, and preferably 
compri;^es a shape memory material, e.g^t Mtinoi, BO that 
flange 69 self -deploys to; a predetermined shape upon 

20 retract ioa of delivery sheath 60, 

Mire S6 and oinch meohanism $7 may comprise a 
combination of wires and eyelets &a described in 
accordance with any of the emboditnent s in che above - 
incorporated reference, or any other arrangett-ent that 

25 permits the %sfire to be tighterjed and locked iirto 

position, as will be apparerA Co cr.e oi ■;^!.Jir..3r>- *kill . 
Wire 66 ixicludes a prcxina:. portion that rernains outside 
of the patient's vessel for n;5anip-ulation by a physician, 
and is contigmred tc reduce the distance between pro.>«:ifnal 

App as r .-Li t u s S e i s n a. v i o a t ed t h r o ugh t he p -5 1 .i. e n t ' s 
vasculature with stents 62 and 64 in the contracted scate 
and into coronary sintas C, The distal end of sheath 60 
is disposed, under f iuoroscopic guidance, at a suitable 
3B position within the coronajry sinus, great cardiac vein, 

or adjacent vein. Push cube SS is thexi urged distally to 
eject distal stent .section 64 from within delivery sheath 



60, thereby permitting distal stent section 64 to self- 
exparsd into eiigagement with the vessel wall, as shovm 
m FIG, 123, 

Delivery sheath 60 xb th^n withdrawn proxitsaXly, 
5 under fluoroscopic guidance, until proxitnal stent 62 is 
sitisated. extending from the coronary sinus. Push tube 68 
is then held stationary while sheath 60 is further 
retracted, thus.? rele-ssing proximal stent section 62, 
Once released i-rocr. delivery sheath 60, proxirfiai stent 

10 ;;;ecfcion 62 rixpa;Ki?;> ix^to engageir,ent with the wall of che 
coronary siniis.. and flange B$ abuts against the coronary 
ostium 0, as shown m FIG. 12C, 

Deli^'ery shear..h »0 land ox push tube 68) ^ay then foe 
positioned against flaxxge 69 oC proxxTsal stent section 

15 S2, and wire 66 retracted in the proxifsal direction to 
draw distal stent section S4 to^sifards proximal stent 
section S2 . ttfill of course; foe understood, distal 
stent section 64 is drawn towards proximal stent ssofeion 
62 und^T fluox-oscopic or other type of guidance, «o that 

20 the degree of reduction in the mitral valve annulus may 
be assessed, As wire 66 is drawn proxxmaily, cinch 
TRechanism 58 prevents distal slipping of the wire. For 
exasTiple, wire 66 may include a series of grooves along 
it: a length that asre successively captured in a V-shaped 

25 groove, a pall and ratchet mechanisiT:, or orher well -known 
mecVianistJ) that permits one-way motion , Cav.het:er 60 and 
p'.!sh tube 68 then n-say foe removed, as sViown in FIG, 12D, 

Flange 61 sTiay comprlee a substant-;.,?! .>y circular 
shape -me ;r>ory metnher,, as illustrated, a plurality oi: wira 

3G members, e.a,, r{-„==u;.;f .3cr.ui-,ed using Nirinol,, that salt - 

deploy upon removal oi sheath 64 and abuc oal;iu-;r O wliers 
proximally retracted, or othar suitable shape. 

.Referring to FIG, 13, a preferred snethod for using 
apparatus 56 of FIG, 12 to close a central gap '?2 of 

3S mitral valve 70 is described- In FIG, proximal and 

distal stent sections 62 and 64 are deployed in the 
coronary sinus so that flange 69 of proximal stent 
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sercicn 62 engaqea ccccnctr/ ostiutr O. Distral stent 
sec;:ion 64 ^& dj.spoj3t?d at- sucn a diistaiic*^ apar*- from 
pif n 1 ctfcnt sev-t on 62 fat stent aecrtxo s 

apolv com'' p>6i,.i'v« ^.orce upo-i f»utv-,i v \ ^ n 
S 66 and cinch €7 are actuated. 

^ e e2 <■ e t. '-'i ei* 

i \ " a *L s i J 1 

:io ^ ^ " ^ - J s \ ^ a I * * I i 

{ i ^ •> A 1 5 11 1 1) ^ 

^ ^ w a ce J ©tw*>en jKroxina* and di&tal stent sssctio s 
ot 4 -^s-i.c^s ths. c-.rc«m^^i;t,Jii,e of is t -al c^anil? 

IS vsn^.^ t,i;;^b I g=i5 / Pinnae *>9 pro\ ide^ s 

&t:,v.vxxe OS. (.i or J? nt rnat pr^'vent & S.nxtLi.r ai&.^ 11^ 
dxxciCted r»>o^ewent of prox^^ai stent sectior <>2 id 
xoctaces snear stres-ses applxcd to the p 03J t=^1 ^orttoT * 
the coronary smus^ 

ae Reter3.ing *o*/ to PIOS 14, a ^arfier aspect oi tne 

present invention dsseribeai whxch the dxsts^l stent 
*^e->t o'^ of the stibodxrrt; t of F G*^ 12 3,*? t^'pl^'^ed v-iti a 
a v.>).o„ t^al IS osed .*ri*~h n or th>oi.qh ^he wa-.o.^jfi 
A 11 bw' V. 'iprec'' **d, t:hi<3 f^^atu-tc of i<- ..w c c t *e 

L-d i n "h ; ■> al 

30 * ^K. *■ X. V*- "> \ ^ a « ^ ^ r 

i. X fit i ^.^ i. r ^/ '-^ d) I a ^ 'J* u t v 

I, t ] ut '■onf» t'~>r ^« <■ _Aatcd by w^re 94 to a 

laraer area ot the venous vessel walx, 

Devac^ 90 ;is lci.de« xar< a»l \erv a^p.Ard'-us 100 
35 ^v.no£^^in„ (.uived stvl^^ 0^, pu h yir<- 34 <* .a celx-'-erv 
r>-i<: irh lu C X ed t<'i^t 1(^2 t efe «li ' r-umpr-' a 
to laPf- -t M -. l«y ^.-if" I'- '-f he'^-^a "t a„':il ter ec , but 
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adopting a curved shape when extended beyond a distal end 
of delivery sheath 106. ■ Curved stylec 102 includes 
sharpened distal tip 101 capable of piercing the left 
ventricular myocardiufs, and is disposed in lun-sen 105 of 
S delivery sbeath> Push wire 104 is slidab'ly disposed in 
lumen 103 of curved stylet 102, axid riiay be advancad 
distally to eject distal axichor 96 iruvo the left 
ve-nr.ricu.l a.f myocardlujrs or che left; veiiCricle. 

A.-^ diiPicted in FIG, 14?., d).sj:ai anchor con-pri aes a 

10 Tee 'aped bar i;o which wire ?4 is coupled, Opuional 

coil "-ectioi^ 96 also inay be co-opl^jd -co distal anchor 95, 
ar.d 19 contracted around curved stylet, 102 when device 90 

leaded into delivery sheath 106. Distal anchor 96 is 
di.=rpo6ed %'^ithin luitien 103 of curxred stylet so that wire 

IS 9-3 and coil section 98 exit through lateral slot 10? in 
the stylet. Push wire 104 ie disposed in lutT^en 103 of 
stylet 102 atouttlng against the proxisnai face of distal 
anchor 

In FIG, 14k, device 90 is siiown loaded into delivery 
SO apparattES 100 . Delivery apparatus lOO has been disposed 
in the coronary sinus using conventional guidance and 
visualisation techniques. The distal end of delivery 
apparattis 100 is advanced into the coronary venotis 
vasculature to a desired location, and then ar.ylst. 102 is 
25 ;2d.anoed disfaUy beyorid r/nc end o£ delivery aheach 105, 
;.-her<--by caui?:.:. ; t;;C s':yle:: ;:o r-?gsln ics cu>:v6<d shape, 
FuitLe.c :":id"/ance;oer:v. ov ,?ry..!~r laz c.rixis'.e^. t.'n-? disCc,! end 

r.ne .left ventricular nvccard.- ufn. Push rod 104 ii=; chen 
30 advanced di,«",ai.ry to eject distal anchor 96 in;:© the 
;r!yocardiu;r,, oz within the lef.r. ver^tricle, as ahovm in 
FIG. 14 B, 

Scylet 102 and push v^ire 104 are then v^ithcrawn, and 
delivery eheath 106 is retracted until the proximal steiit 
3S eecnion is disposed extending out of the coronary ostium. 
By selection of the length of wire 94 fed through cinch 
mechanism 95, proximal scent section 92 may foe deployed 
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simply by refcractiag delivery sheath ICS, bf^cause disuil 
anchor 36 and wire 94 will prevent fux'ther proximal 
movement of proximal stent section 92. In any event, 
when proxina] stent section 92 is released from delivery 
5 shear-h 106,, it self -expands to engage the vessel wall 
while •;lan9'6 9i cr,r!T:.acr„" the coronary ogtiusn., a« shown 
FIG. 14 C. 

The prcxb-nal er.d of proximal wire 54 exteadj? '-i^rough 
lurner- 105 of delivery sheath 106 and may isa- n-sanipuiafftd 

10 by a physiciar., A;^ iri r.r.e previous erfi}^odi;nerr;: , ODce the 
proxiroal stent section is aeployed, wire 94 may be pulled 
proximally, v/xth ciiicli mechani^>;r. ii5 taking up any slack. 
Tile distance between distal aachor 96 and proximal Mt^nt 
sectlbn B2 tmy therefore be reduced a deisired amount, 

15 causing a corresponding reduction in the circumference of 
the mitral valve annulusi. Optional coil section 98, if 
present, assists in redistributing the compressive forces 
applied by wire 94 to the interior surface of the venoua 
vessel - 

20 Referring to FIGS. ISA and ISS, device 90 of FIGS. 

14 is illustrated in a deployed state to treat mitral 
insufficiency, Flange 33 i^ deployed abutting coronary 
ostluT; C e,g,, within right acriutn A, ProxiRV;;! sstent 
sectv-ion 92 and opiicnai coil .section ^i-) are dep.i oyed 

2S vs'ithiii ine coren;?.ry sinus and gre-st irarau^c vein C, 
Disca.l anchor yfi is dispoaed v/ichin irsyocarPium ot 
alternatively ;nay extend into the lert vex^^triole or 
another table region, 3,:; w:.ll be ob'/io-.-e. ro thc\«e 
skilled in the art. It should further be appreciated to 

36 those skilled in the art that while anchor 96 la 

illustrated as a cylindrical bar, it may comprise sq-jare, 
circular or other configurations, a,g,, a plurality of 
barbs , 

The proximal end of wir'e 94 extends through cinch 
mechanism 95 and is manipulated to irapose tension on wire 
&4,- thes^eby reducing the distance between proximal stent 
section .92 and distal anchor 96, This in turn reduces 
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the clrcumferenae of coronary sinus C acco^^dingly, as 
shown an FIG. 15B. Upon, con^pletion of the procedure, 
i.e., when gap 72 is sufficiently closed^ apparatus 100 
is xetmve^ from the patient's vessel, 
S Advantageously, the use of distal anchor 96 is 

expected to reduce the shear sr.ress imposed on coronary 
sinus C relative to the use ol proxinal stent section 
alone as described for the en^bcdiment of FIGS, 12 and 13. 
Referring iv.>,v t:o PIG.\;, 16 &nd 11, anol;her embodiment 

10 of a ds:vice suitable {"or repairing tnitral valve 

ins-uf f -iciexicy is described. In this erabodiment , device 
ilO cortspr:; sjes a balloon expandable s-cerU: 112, which may 
be tapexred cslong its length. Steut 112 is disposed on 
the distal rsgiox^ of balloon catheter 114, which is 

IS csp,uble of assuming a curved shape when inflated. As 

depicted in. FIQ, stent 112 and balloon catheter 114 

are (disposed in the patient's coronary sinus through the 
coronary ostiurts. 

Once the position of stejit 112 is determined, for 

20 example, by fluoroscopy, balloon 1X4 is inflated via to 
expand balloon 114 to its predetertssined ©urved shape. 
Jnflatiori of baiioon 114 causes stent 1X2 t© b« 
plastically deformed, in accordance with the predetex-mined 
shape of balloon 114, As will be of course be 

2,? appreciated., the degree of mitral valve regurgit-ition txuxy 
hf^ ;nonitored du.riag th.e s"ep of. inflating ballooj-i 114, so 
uhat ste.at 112 applne.-; only so tracVi coiPpr essive load on 
uhe tnirral valve ammlus as is required to reduca the 
regurgitar-ion to a clinic;;\Xiy accepta.ble level, 

;>{? Catheter 1.14 i;3 .cen-ioved .frorr: irhe pat.ienr,'s vessel 

upon cotnpletion of tVie stentiag procedure. 

Referring to FIGS. 17A and 17B, the diet. si region of. 
a bajiloon catheter suitable for lise in the embodisrienc oi; 
FIGS. 16 is desciribedv The balloon catheter has proxifiial 

3S and distal ends, and comprises balloon XIS, and inflation 
lumen and guidewlre lun^ens, as is peir se known. In 
accordance with the principles or the present invention, 
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balloon 115 inclxsdes an anchor elers^ent 116, such as a 
strand of v?ire, affixed to its Interior surface^ so that 
when the balloon is inflated, it adopts a predetermined 
shape, as showxi in FIG, 17B. When deflated, balloon IIS 
5 assumes a straight configuration, shown ii> FIG, 17A, thus 
perKiitting stent 112 to be crinped to its otiter sux'face. 

Referring now to FIOS. :iSA-:J.9C, another alr-ernativs 
enboO;iT;-i>nl of the pres-esit .invent :.on ii? described,, in 
\<,-riich che dev.rre corrpiiS'es pr■;^xl,f■^.5 1 a::o d-f-^tal sr^ent 

10 aoct..ons p:>ine-d by ^ cennal .-section capable of 

underqcing foreshortening. Device 120 comprises proxisTsai 
stent ,9t?ctx.5fi 122, dist..5X stent s&ctxon 124 and central 
section 126, Further in accordance with the principles 
of the present invent ion, device 120 includes one or more 

15 biodegradable structures 128, such as sutures, disposed 
on central section 126 to retain that section in the 
Gontracted shape for a predetermined period after 
placeTEient of the device in a patient's vessel. In FIG, 
ISA, device 120 is depicted with its proximal and distal 

20 stent sections radially expanded ^ but with central 

section 126 restrained in the contracted position. FIG, 
IBB depicts device ISO with ail three stent sections 
contracted as i.f. disposed in a delivery catheter- FIG. 
IfcC shows all thi-^ee stent sections fu-lly expanded. 

25 ^.;n a preferred enxboditr:eat , al: three ;?ef't.lons are 

integral} ly torsned frora a single shape ;nen:orv alloy tube, 
e 3 . ,, by is-%se-r c^srtlng. The cstujnt i^yc't.t-,\ns then ar'? 
pr-ricessred, using knuw:; ec.hr:..quef.;, to f'.m a ^-eit- 
expand:.ivj unit. Device 120 ha» a contr..cteO uei-ivery 

30 conxigur.?,;: ion, wh-rem tiie device ^3 x ^^..-lial contracted 
irvit-hir. a de.livery Fsheath, and a deployed expanded 
configuration, v.'herein at least the prorimal ana diBCal 
sections self -expand to engage the interior jsurface of 
the coronary sinus or adjoining veins. Further in 

S5 accordance with the present invention, the biodegradable 
structures may be designed to biodegrade simultaneously 
or at selected intervals. 
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Unlike the preceding eTtjbodimeiits.. which tnay include 
either a proximal flange^ distal anchoTf or bofch, and 
which rely upon drawing the proxiroal and distal stent 
sections together- at the time of deploying the device, 
S this embodiment of th« present invention pernits the 

proximal and distal stent sections 122 and 12 4 to becone 
biologically anchored in the venous vasculau.ure r-efoxe 
those sections are drawn together by expansion of central 
section 126 to impose a co?«pressive load on the mitral 

10 valve annulus. 

I;; particular, as depicted iii FIGS. 1.9A j. 9C, device 
120 ie- loaded inco On:liv-:?ry sheat:h 131 and positioned 
withiji the patient's coronary sinus. The device is then 
ejecued from the delivery sheath,, &o tbat the proscitnai 

15 and distal stent sections 122 and 124 radially expand 
into engagement with the vessel wall. At the time of 
deployment, central ^^sction 12 € Is retained in a 
contraGted stats by isiodsgradable structures 128, 
illustratively biodegradatele sutures, s-g, a poly-glyool 

20 lactide strand or VICREL svjtvire, offered by Ethicon, 
Incw Hew Brunswick, HJ> USA. 

Over the cotirse ot several weeks to months, the 
proxamal and distal stent sections 122 and 124 will 
endothelial iae, i.e., the vessel endothslium v/ill forfR a 

2S layer- E that -extends, throxsgh che aperture^s in the 

proximal and ciistal stent .secticas and cause.s? those intent 
sections to becotne bioloqical.ry anchored to the vessel 
v/al.l, as duipicted ia F'T.G, 19C'. Th.is phenomenon vaay be 
fuj-ther eiil-.snced by the use or a copper layer on the 

30 f rc-ximal .snd distai stent sections, as this ele-nent s 
known: to causa an .liggxessive inf lanm-story reaction. 

Over the course of several weeks to tnonth.a, ano 
pref.erabiy after the pxoxisral and distal stent sections 
have become anchored in the vessel, biodegradable 

35 structures 128 that retain central section 126 in the 

contracted state will biodegrade. Eventually, the self- 
expaiiding force of the central section will cause the 
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biodegradable structures to break, and release central 
section 126 to expand. Because central section 126 is 
designed to sborten as it expands radially, it causes the 
proximal and distal stent sectiox^s 122 and 124 of device 
S 120 to foe dra-vm towards one another, as shown in F^;^- 
19D. T>5e compressive force created by expansion of 
central section 126 thereby compressively lo«d3, and thus 
res-x^dels, the r^itral valve sijtvjlutv, as depicted. 

As snqgeatec hereinabo^'S' , biodegradable structures 

;ic :i28 i-fiav b<i designed to rupture si:Tulr.aaeously , or 

alternauiveJy, at --elected anter^^ils over a proionged 
par.:od several months or n'o;-?:v:- In this mariner, 
pro:.;r>^>ys^ve .c e=^v...'-3>rl - ^9 '"t" rhe ft-itral vaivs annulus nJay be 
accomplished over a gradual period,, without additional 

IS .Interventional procedures. In addition, becaxise the 
collateral drainage paths exist for blood entering ths 
coronary sinus, it is possible for the device to; 
acGompiisb its objective even if it results in gradual 
total occlusion of the coronary aiaus, 

20 Referring noi* ^o ^Oh-^^'^, other alternative 

emboaitncrt of tre pte^ent ^n\ent^on is desi^rib^d In 
FIG, 205V r apparatus ISO comprises a plurality of 
'^te'^ oukin? ^ea^nents Jul in*-e'» . ra s><:c^v.n ^Bx 

<• "^(.^1 CO v> a pxax «^«ct <->^ ?c>,^ x »Owl- „ 

25 84 u 1 '-e-^t-icn h m > <■ I 

- e t I' n ! 

t sj. <. 1 i rbi u n 

3 0 1 h t M r 1 

r q a c l^fv. i r < ^r-^n*- J ^ i r 

? u J. -finallj ie -^etx o*'-'Oi o* ^nv.!- w e 1^" 
V i!, i -> i li?'^ "o "e io h vyr„^ a dOCK I 1&4 nn 

adn scent segment lax. 
3S A*oar"Cis 180 cf ^ C 5 0^ oreterab^y x& used ^ 

y." \- ii^&rx^-^ apx'i^atus I'^C Ci. FIC A pxc'fex ed 

\ o£ <pj; a^-at x «5 did -^0 m OT'b -^.~-on ^ de-'v-^xfoed 
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in FIG. 22 hereix^below. Apparatus 190 comprises proxitnal 
ball segment 202, di^tai ball segraerit 200,. and connect ing 
segtnent 204 having a plurality of sockets 20S separ<ited 
by humpa 209- proximal b<=il.l segment 202 coniprii?f=,'e 
5 proximal and distal ball yegmeats 212 an'.l j-U^, 

re.-;pf.'Ctively , each hav:.r.o :• uicens; exrc-n-iing t n-r rechrojc.th, 
and licllow ro'^ 2.\J .rxt er.d^ nc ; ; w-^sn. SrUru. iarlx , 

b.^slls 20S and 2C6, >e.-j::'e<;Li</eiy , euicr. h-,viyr^ 1 a-v;ers3 

10 exi-.£'na,in9 tn--r--c}i)-\5'.i9a, afv:l hollow rod exr.ending 

fcherebfi-nweeu. DiKtal bali .-^lO :^l proxn^.a iregr.en", 2b2 
Initially is contigur«5Ci to engage t-he :ncsr. proximal 
socket 205 within connecting segment 204, while proximal 
ball 2QB of distal segsttenfc 200 initially is configured to 

IS engage a dlstalmost socket 205. 

PrcxisMl and disfcaX feail segments 202 and 200 are 
capable of relative rotational and telescoping ^novetnetit . 
Such ttjdveraent may be achieved using a cinch wire 
configured to pass through each segment 200 and 202, as 

20 shown in FIG. 21A. In FIG. 21A, cinch wire 218 comprises 
distal ball 220 that ia larger than a lumen, of hollow rod 
207 and is configured to abnt distal ball 206 when a 
proxiiT^al end of cinch wire 2:18 is rerracted prcximally, 
C.!.nch wire 318 preferably is used ir, co-^^tinali-jn wich 

as pu.«;h ruDe that nuy ,^tciba.l or dAa-tall/ ailvsnce 

proxifnal seafftenc 2 02, 

By ■^'aj"\-''incf r/ne m^ineuver;:? or, p-..sh tube 215 and omch 
v:.ire 218, a r,^nqe o£ LclviBCOpiua and rot ation.hl ;r>ot i.^n,-? 
bet-ween pi;oximal and dlstai se9^neats 202 and 200 may ne 

30 achieved, ass sho^im in FIG. 2 IS. In FIO. 218, a push 

force appl-led to taaXi 212 allows ball 210 to overcome the 
resistive forces provided by hump 203. As illustrated, 
the push force applied to ball 212 has advanced proximal 
segment 202 by two sockets relative to distal segment 

35 200, Also, as show,n in FIG, SIB, distal segment 200 has 
been retracted by one .socket with respect to proximal 
^5egment 202, e.g., by proximally retracciiig cinch wire 



wo immHi'? 
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518. Bail 208 also has been •rotate<J at an angle, %*^Mch 
in turn rotates distal s^gnient 200 with respect to 
px'oximal segment 202 . 

Referring to FIG. an alternative ^r,ethod for 

5 providing relative telescoping and rotational nioticn i,-or 
apparatus 190 of FIG, 20B is described. Apparatus 130 
further cotnprise.-; push txibe 216 and wire loop 225. Wire 
loop 225 extends throvsgh a lusr^en x-v'ithir;. proxd-ival and 
di;:U:a;. segmeravs 202 and 20D,, then loops around che distal 

IS end of distal yeginenu. 2 00 and back Into opening 227 of 
push tube 216. A physician then inay -ranipulate a 
proxifii'Sl pors:ion of wire loop 225 t:c provide a range of 
telescoping or rotational motious between proximal and 
distal segments 202 and: 200* 

IS Referring now to FIG, 22, a consbimatlon of apparatus 

180 and apparatus 19Q are used to provide a range of 
motion within vessel V, e.g./ the CQronary sinus < 
desdribed hereinabove^ the present Invention alisjs to 
treat ttsitrai insiif f iciency by shortening the radius of 

20 c^r^'-ature of the coronary sinus, which in turn applies a 
rowpres& ve to ce upor thi» mitral valve, la HQ 2J, t e 
«„o»5b..nat on appa-^af & 180 and app«.iatns 190 " rst rav 
^» a=5ce ^5 'va 1 vessel V eg a oaths, o oo *^ act 
--i n tti^,<^d _o appa a^u 60 -^nd IVC <■ d u tri. 

t toles^ PT.1C ox rot«t..onal notion or ^&qme > 
V* to b"nd xer'^el V to ap^ly a uo-ipiess^ve 1 ao on 
ti:m tnirra.i v.^i.[ve anrmlus, 

< 1 i 1 <^ lO <- ! n t 1 t n 

1 nq V t ^ o 

I ni na * uss I J) i ^ol c i ^ ^rf- n h 

1 i p <>h *• ube 2 f o*- I > I r e *r t ^ 
u c t i J J -^eliat ve tat i a t e o c ) 

^o*-! n ai oi ti e comp e its I a frat pr**te xed 
^ &u<=p tie ba' T u£ ^ppas-et^us ^hO ar« --oupiea to fisi 

nS'^«rr*r<f> >cko*"£- i 3 b ui^vv-mall/ ct nq rincn 

' >p IS T ej , 1 a c t l"^ r-i 1<5 and 250 *>i_uh 
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connect apparatus ISO to apparatus 190 are rotated within 
sockets of connective segment 304 to allow apparatus ISO 
to toe angled relative to apparatus 190 by angles a and 
as illttstratssd itt FX©. 22, Th:is in turn applies a 
S desired compressive load on tVie rratral valve aniiuiu.". 
Then, in a final step, r.he bails of apparatus i$0 rnay be 
advanced incrf<Tven"'a y in a ionaii v^dj.i^,^ uiveji-^on vCv^-Uju 
soci:ecs 205 of connective S'egments 2QA to >;edi.3ce dis'tance 
X, When vesse- V the ccrcnary sinuB, reducing tluv 

10 distance? X w.ili ^^pply con-spre s-rive forci: to the ^nltral 
valve to treat «u.i:ral .2.nsa.f:t ic lency . 

Wiille preferred iiiustrative esru^od laments o£ tne 
invention are described above, it will be apparent to one 
ski lied in the art tbat various changes and modifications 

15 may be rtsade therein without departing from the invention. 
The appended claims are int «nded to cover all such 
cfoancfss and tRodifications that fall mthin the trne 
spirit and scope of the invention. 



m 
cmxm 

1. A device for reshaping a cardiac valve {26), said 
device being elongate and having such dairiensions as to foe 

S insert able into a cardiac vessel (24) and having cwo 
stares, in a first state (K) of which the device has a 
shape that is adaptable to the shape of the vessel {24), 
and to tV-e second state ?K') of which the device is 
transferable from said first state (K) , said device 
1.0 eoaipr 1 si ng 

a fixing :nej!ns (22>22:22a,2'ia) for fixing the ends 
of device w-;:hj.n the vessel ;24) , whers the device is 

first positioned therein, 

a >5hspe~ changing mes>foe;r (20;20«} for transferring 
IS tbe device to the second state (K' ) by reshaping it, and 
a delay means (21;2la) for delaying said reshaping 
«ntil the fixing of the ends of the device haa been 
^reinforced, wherein said delay nieans delays s^id 
reshaping by keeping said dev^ice in said first state (K) 
30 until the delay Taeans {2X;21a) is resorbed. 

2. The device according to claim l, wherein said 
delay means (21.;2ia} cotsprises a resorbable sheath being 
arranged to enclose said shape -chaagii^g meniber< 

3. The device according to claim 1 or , wherein 
as said fixing means {22 , 23 ;22a, 23a) is arranged to expand 

against the wail of the vessel (24) when first positioned 
therein. 

4. The d'jy\i.c-i- according to ar.Ly cne cf r:i'5\r-if: ! "c :■; , 
wherein sand fixing means J 22 , 23 ; 22a , 23a; Jis arranged co 

30 grovv iriro ch« -itfaii o£ the vessel ;24) , v,'riereby caid 
fixing of. the ends of the device is reix>.f orced , 

S , The device according to an/ one c f the preceding 
claiins, wherein, said fixing tneana (22,23;22a,23a} 
comprises hook means, by means of whjich said, fixing of 
3S the enda of the device is rei.n.f creed. 

The device according to any one of the preceding 
claiir,s, wherein said fixing meaner {22,2.'i;22a,23a) 
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coiTfpx ises a self -expandable stent at each end of the 
device. 

7. The device according to any ori® of the p.receding 
claitrs^, wherein said shap^- changing n$etri>er (20.; 20a) 

S cornpriaes a shape snemory material providing said 
reshaping of th« de^rice. 

8. The device according to claim 7, v/herein said 
sViape -changing mesnber (2G;20a} comprises Nitlnol 
providing said reshaping of the device. 

10 9. Tne device according to any one of the preceding 

cla:.n-!s?, v;herein s-^id reshaping of the device comprises 
short«=:nin3 of the device. 

10, The device according to any one of the preceding 
claims,, wherein said device is used for treatment of 

X5 mitral annulus dilatation, 

11. The device according to claim lO,, %v'hersln said 
v:esael (24) Is th« coronary sinus, 

la. The device according to claiia 11, wherein said 
reshaping of the device is used far reducing the raditis 
20 of curvature of the coronary sinus, 

13, A method for reshaping a cardiac valve (2S) , 
comprising the steps of 

inserting an elongate device into a cardisc x'essel 

124 ) . 

2f fixing the ends of, che d-yvice wiuhia the ve;i;se.-l 

reinforciiig said fixing of th-? enos of th'i device, 
resnaping the device, ano 

delaying f.-a.id resharmg by a deiav fneans (2i;iia) so 
3i:> i^hat the step reinforcing said fixing is performed 
before the step of reshaping the device, 

14. The method according to claita 13, v^herein said 
step of. reinforcing said fl:<ing ccsraprises providing 
growth of the ends of said device into the wall of the 

35 vessel (24), 



15. T-he wefchod according to claisr; 13 or 14, wherein 
a shape memory tnaterial is used in the device for said 
step of reshaping the device > 

IS. The method according to cXairs .15,- vfherein 
5 K'itinol is used in the device for said step of reshaping 
the device, 

17 . The method according to any one o£ claims 13 to 
3.6, wherein said step of resjhaping the device compxuses 
r.he step of yhorl:--5r!i iV3 fh'i^ deviice, 
10 18, The .Tjetr.hcd according to any one o£ ciaiirss 13 to 

:! "■, wherenn the method is used for treatment of mitral 
aiUiUliis dilacataoxi - 

19. The method according to ciaim 18, wherein said 
device xss inserted into the coronary sinus in the 

IS vicinity of the posterior leaflet of the rj^itral valve, 

20. The trsethod accoi'ding to claim 12, wherein said 
reshaping is uaed for reducing the curvature of the 
coronary sinus and thereby reducing the radius of 
circmaferenoe of the mtral valve mxiuluB . 

20 21. apparatus for fcreatxag mitral annulxis 

dilafeationv the apparatus comprising: 
a pi-oxio^l stent section? 
a distal anchor; and 

sreans for drawing the distal anchor towards the 
25 proxiraal stent section, 

22, The apparatus of claira 21 vvhereiii thi^: proxiraal 
stent further coinprx-ies a fl<3nqs* conf 1 o'.nred to sbv;t the 
coronary est, xxixn . 

2':. The appara'ius of claira 21 v/herein r;hft distial 
anchor cotnprises a Tee- shape adapted to be inserted into 
the left vexitricular myocarditmix 

2S. The apparatus of claim 24 wherein ths means for 
3$ drawing comprises a xtfire, the apparatus further 

comprising a coil section that disposed around the wire 
to redistribute a compressive loajd created by the wire. 
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26, The apparatus of claim 21 wherein the means for 
drawing comprises a central section connecting the 
prcsKimal stent section to fche distal anchor * the central 
section having a contracted state and a radially expanded 

5 state > 

27, The apparattss of. claim 26 wherein the «jeans for 
drawing further cottJprises one or more biodegradable 
structtirea disposed on the central section, 

as. The appaxac«fii of. c:i-3.1.ni 27 wherein Lhe proxi.nial 
10 sterit section is configured to beccniC biologically 

a.ach';-.n:-eci to a vessel before the one or more biodegradable 

The apparattjs or cl«^iT; 2" wherein the central 
s&ction coraprises a shape memory :r.aterial. 
15 30, The apparatus of claim 28 wherein the distal 

anchor comprijses! a distal intent section that is 
configured to become biologically anchored to a v:easel 
before: the one or mor&^ biodegradahle structures degrade, 

31, Apparatus for treating Taltral annvilus 
20 dilatation, the apparatus comprising: 

a catheter having proximal and distal ends and a 
lusisn extending therethrough j 

a ballcfon affixed to the catheter, the balloon being 
xj^ flui<:3 communication with the lua^en and having 
25 contracted and deployed states, vfherein the balloon 
compriigesi a predeternuned shape in the deployed state; 
and 

a stent having contracted and deployed sv, ales ,< 
-wherein the stent ie plaBtically dexozmable by the 
?,0 baiioon and subsstaxitlally co.nfG.£cr:S the predetatEn.ined 
snape of the .balloon i.a the deployed state, wnerein the 
.-sUvent Ir, co;n.Eigured to apply a compressive load on the 
mitral valve annuius in the deployed state. 

32, The apparatus of claim 31 wherein the balloon 
35 comprises a curved shape in the deployed stace, 

33, The apparatus of claim 32 wherein the balloon 
further comprises an a.achor element dispcsed v/ithin the 
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balloon and configured to maintain the shape of the 
balloon in the deployed state. 

34 , Apparatus for treating mitral anr.ulus 
dilatation, the apparatus cotnprijsiiig ; 

S a proximal ball segment cosiprising a proximal bail 

havlBQ a lurjien, a disstal ball having a lumen, aiid a 
hollow rod extend,:; ng therebetween; 

a d;ls5ta.l ball 3s^;-:;!ne" v. c.::::vap i?ing a proximl ball 
having a lungers, a ni^u .-..si r.-ving a lutnen, and a 
10 hollow rod sixt ending i: hef:eb!vr.weftn; arid 

a connecting segment disposed therebetween, the 
cQarsecr.ing sagn^ent having a p- -.iral;! ty of sockets, where! 
ti::if.; distal ball of the proxiir^al ball seg?aent and the 
proximal hall o£ the distal ball segment are configured 
IS to teleacope and rotate relative to one another within 
the sockets. 

35. The apparatus of claim 34 further coxnprising a 
plurality of inter-locking segments coupled to the 
proximal and distal ball segtnents, wherein each 

2Q interlocking segment ootsprises a proximal section having 
a socket , a distal section having a ball and a lumen 
extending therethrough, and a hollow central section 
ext 6 ndl ng t her sbat ween , 

56, The apparatus of claim 34 further coxprising a 

25 cinch wire having pro>rir;a;. ar;d distal ends and a bail 
coupled to the dis:".: i v^herein the cinch wire is 

configured v;o ex;;'v--.; .-.ir-gLtLidlnal'ly r:.hrough the lumens o 

37. The apparatus of claim 34 further cc«-prlaing a 
30 push rod configured to engage a px-oscimal ball segment. 
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